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—> Bursts of 10”* neutrons 
from Plowshare experiments 
can put nuclear research 
on a new basis (p. 54); 
the enormous energy release 
promises unparalleled 
engineering feats (p.49) 


ee 


years of neutrons 


microsecond 





(EX... DATA PRINT-OUT 


IN MANY FLEXIBLE MODES 


OF OPERATION! 


High-Speed Scaler and Electronic Timer 


OPERATING MODES 
N-803 TIMER 


e Preset Count: 15 settings from 10 to 500,000 counts. a 
7 , Stability: 100 CPS, crystal controlled. 
e Preset Time: 15 settings from 0.1 to 50,000 seconds. Preset Time: 15 ranges from 0.1 sec. to 50,000 secs 
Combined Preset Time & Count: any of the time or Seeen Vanes Ww TASES ence. 
count settings may be used simultaneously with the Panel Dimension: 312” height for standard Rack Mounting. 
system stopping when the first preset event occurs. 


Data Print-Out: both scaler and timer provide “stair- 
case” outputs. Time, counts, or both may be printed N-276 SCALER 


out or code punched on cards or tape. Pulse Pair Resolution: better than 1 us 
. : , Continuous 
Automatic Recycling: The system wil! recycle automat- mesetiien Met: 2 menneute. 


ically, if desired, following occurrence of a preset Indication: 6 electronic decades 
event and data print-out. In this case, print-out can be (7 in model N-277) 
cumulative or destructive. Both print-out and automatic ____ Preset Time: 

recycling can be used in any mode of operation. Combined Preset Time /As previously described 


: : . Preset Count: 
These units are not only highly flexible but are also of setaenes Baliediions. 0 eycte 


the fine research quality typical of all Hamner Instru- Input Sensitivity: 4V minimum, + or — by 
ments. Scaler and Timer may be used together to provide front panel switch 

the operational modes listed above. They may also be Panel Dimension: 32” height, for standard 
used independently. Rack Mounting. 


For full specifications on Hamner's Nuclear Instruments, 
contact Homner or your area representative. 





For Additional Information Please Write: 


Hamner Electronics Co.. Ine. 


Department 7, P.O. Box 531, Princeton, New Jersey, PEnnington 7-1320 





Research reactor fuel 
element featuring 
pinned construction. 


Testing reactor fuel 
element showing crimped 
technique used to fasten 
fuel plates to internally 
grooved slides. 


Fuel element for thorium 
converters and other 
pressurized water power 
reactors. 


Fuel element for U.S. 
Navy (Classified). 


Fuel element for Nuclear 
Ship Savannah. 


Nuclear Facilities 
Plant, Lynchburg, Va. 





What Should a Buyer of Fuel Elements Look For? 


Experience—B&W has supplied thousands of fuel 
elements, and has one of the nation’s most experi- 
enced staffs of nuclear scientists and technicians. 


Special Skills—Whether the fuel elements you re- 
quire are standard elements, or of radically new 
design, you will receive the full attention of B&W 
specialists. You will be sure that you’re getting the 
best fuel elements for your application. 


Superior Workmanship—Stringent quality control 
is a tradition at B&W. Almost a century of custom 


engineering has taught us that there’s no substitute 
for superior craftsmanship and attention to detail. 


Responsibility—B&W will accept your uranium, 
or will take full responsibility for procuring and 
processing uranium for you, depending on your 
needs, 


Prove it for yourself—Talk over your fuel element 
needs with an experienced B&W specialist. Write 
for more information to The Babcock & Wilcox 
Company, Barberton, Ohio. 


THE BABCOCK & WILCOX COMPANY 





BOILER DIVISION 


Complete nuclear systems, cores, components, fuel elements, nuclear research and development 
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How Vacuum 
Annealing Furnaces 
Help Provide 
Better Quality and 
Cost Control to 
M & C Nuclear 
Fuel Elements 














_ After two or three rolling passes, fuel elements 
start to work harden. The required vacuum anneal- 
ing is no great trick. The important thing is to 
have vacuum annealing capacity available when 
you want it — to minimize “‘stand-by”’ time or the 
need to sub-contract the work. 


Our five vacuum annealing furnaces, two verti- 
cal and three horizontal, provide always available 
vacuum annealing capacity — of the type required. 
They range in size up to 30 inches in diameter, 
operating up to 1750°F with vacuums as low as 
0.050 microns. All furnaces use automatic cycling 
and recording equipment. 


These vacuum annealing furnaces enable us to 
do the required annealing without lost time and 
under our own cost and quality control supervision. 


Yes, we would be glad to do vacuum annealing 
for you, but the important point is that this unique 
capability is another reason for the quality built 
into M & C Nuclear’s fuel elements. It may well 
pay you to discuss our special processing and equip- 
ment capabilities at an early stage in your project 
planning. 


Vacuum Metallurgy 
Series 


TEXAS INSTRUMENTS 


INCORPORATED 








No. 2 Vacuum Annealing MES NUCLEAR,INCG. 


(A SUBSIDIARY) 
P.O. BOX 898 + ATTLEBORO, MASSACHUSETTS, U.S.A, 


The World's Largest Privately Owned Facility Designed Specifically for Fabrication-Development 
and Production of Fuel Elements, Core Components and Complete Cores. 
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...about NUCLEONICS 


The Other Half 


A magazine, like the Roman god 
Janus, has two faces—an editorial face 
We don’t 
know what troubles Janus may have 
had in getting around, but this duality 
has only helped NucLEontcs (and in- 
deed all of the McGraw-Hill Publishing 
strict 

and 


and an advertising aspect. 


Company) which observes a 


separation between advertising 
editorial interests. 

But there is also a wholeness in our 
duality. For one thing most of our 
advertisers are also readers, and most 
of our readers, studies show, are inter- 
And the men 


of our advertising sales staff are friends 


ested in our advertising. 
to us and many of you. To give you 
a chance to know them better we pre- 
sent below a picture taken at the time 
of our most recent sales meeting. 


Plowshare 

If there are to be advertising sales 
people or editors or even anybody ten 
years from now we have all got to find 


The 


& way to prevent atomic war. 


NUCLEONICS SALES STAFF. 


major atomic powers are seeking a 


formula for banning weapons tests as a 
step along the road to atomic disarma- 
ment. 
techniques for detecting above ground 


Agreement has been reached on 


violations of a possible test ban but 
underground tests below a certain size 
(and tests in outer space) may prove 
much harder to detect (see article by 
Carson Mark, NU, Aug. ’59, p. 64). 
Woven into this complex design is 
the question of possible peaceful uses 
U.S. inter- 
est in this matter has been pursued 
under the title of Project Plowshare. 


of underground explosions. 


We present in this issue a review of the 
Plowshare project by its leader (p. 49) 
and a stimulating discussion by the 
late Don Hughes of the great scientific 
the 

fluxes available (p. 


enormous neutron 
54). But further 
exploration of the technical potential 


potential in 


in Plowshare depends heavily on the 
test ban 
technical 
ponder the political issues that relate 
to it. The Editors 


climate. As you read our 


account we hope you will 


Front row (left to right): Marsh Freeman, Los Angeles; Dick 


Alcorn, San Francisco; Shelton Fisher, Senior Vice-President, McGraw-Hill Publishing Co.; 
Jerry Luntz, Editor and Publisher of NUCLEONICS; Phil Hubbard, Advertising Sales Manage: 
Jim Thomas, Market Research Manager; Bob Wood, Dallas; Dan McMillan, Los Angeles; ® 

Boyle, Philadelphia; Rear row: Dave Watson, Pittsburgh; Fred Whitmore, Boston; Don 
Cassidy, New York; Bill Smith, Chicago; Jack Quint, Buyers’ Guide Manager; Jim O'Brien, 
Business Manager; Paul Fegley, Cleveland; Hugh Quinn, Circulation Manager; Warren 


Gardner, Philadelphia 
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MARTIN NUCLEAR REPORT: 


JULY, 1960 


isotopic Power for Space 


Reliable, Compact Power Source Uses Thermoelectric Conversion 


SNAP I-A, currently undergoing electrical test 


SNAP |-A—DESIGN DATA 


125 electrical watts 
for one year 


Power Output 


Voltage 28 volts 


Height 34 inches 


Maximum Diameter 24 inches 


Weight 175 pounds 


Cerium—144 


Fuel 


Thermoelectric material Lead telluride 


277 


Number thermoelectric pairs 
5% 


Generator efficiency 


Watt hours/ pound 6200 (1 year life) 


At 00 '00"01° GM7 
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Successful space exploration de- 
pends a great deal on lightweight, 
reliable and compact sources of 
electrical power for instrumenta- 
tion and transmitters in space 
vehicles. 


The Martin Company, as prime 
contractor to the U. S. Atomic 
Energy Commission, is developing 
a unique concept of power genera- 
tion to fulfill this requirement. 


The approach uses heat produced 
by decay of a contained radioiso- 
tope as the fundamental energy 
source. Heat is transformed direct- 
ly into electricity without use of 
moving parts. Devices using this 
concept offer simplicity, rugged- 
ness, and inherent dependability. 


The period over which power is 
generated is determined by the 
half-life of the isotope selected. 
As much as several hundred watts 
of continuous electrical power can 
be generated, with operational 
lives extending to decades. 


Martin has demonstrated feasi- 
bility of the concept in prototype 
devices and is already testing 
major components of systems suit- 
able for operational use. One such 


July 1, 1960 Martin logged its 590,304,000th mile of space flight 


Cutaway showing location of heat source 


system is SNAP I-A*, which has 
been designed to deliver 125 watts 
of electrical power for one year. 
It will be fueled with Cerium-144, 
a fission by-product. 


Unlike solar energy conversion 
systems, the operation of SNAP 
I-A is independent of vehicle 
orientation or incident solar flux. 
Thus, it is ideally suited to mis- 
sions in which the vehicle is eclips- 
ed or must operate in dense atmos- 
pheres surrounding some planets. 


Exhaustive tests and analyses, in- 
cluding exposure of the radioiso- 
tope capsule to fire, explosion and 
impact, have demonstrated that 
SNAP I-A can perform a space 
mission with complete safety. 


While isotopic power holds great 
promise in space exploration, there 
are numerous land and sea- 

applications which also require 
reliable, unattended sources of 
power. These, too, are under active 
development at Martin’s nuclear 
facilities in Baltimore, Maryland. 


*System for Nuclear Auxiliary Power 
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DEMINERALIZATION 
ALONE 


iS NOT ENOUGH 
TO PRODUCE 


ULTRA-PURE WATER 


WATER: 


TWO-BED 
DEMINERALIZER 


MIXED-BED 
DEMINERALIZER 


BARNSTEAD 
MF" FILTER 


THIS BARNSTEAD EQUIPMENT 
PRODUCES PUREST WATER 

IN PRODUCTION QUANTITIES 
FREE OF MINERALS, ORGANICS, 
BACTERIA AND 
SUBMICROSCOPIC PARTICLES 


ENTIRELY NEW PRINCIPLE .. . By com- 
bining different types of Pure Water 


Equipment in series, Barnstead makes | 


possible a new high standard of water 
purification for greater advances in 
Chemical, Electronic, and Nuclear fields 
— where water of the highest purity is 
needed. 

VERSATILE EQUIPMENT . . . The above 
combination of Barnstead equipment 
consisting of Water Demineralizers, 
Water Still, and MF® Submicron Filter, 
operating in series, produces 18,000,000 
ohm water... free of organics, bacteria 
and submicroscopic particulate matter 
down to 0.45 microns... in production 
quantities . . . at temperature of 25° C. 
Whatever your Pure Water Problem... 
come to Barnstead first .. . Pure Water 
Specialists Since 1878. 

Write for NEW 
DEMINERALIZER CATALOG 160 


_— 


STILL AND STERILIZER CO. 


34 Lanesville Terrace, Boston 31, Mass. 
BOSTON NEW YORK CLEVELAND 
Kingsbridge ACademy 
1557 6-6622 
PHILADELPHIA WASHINGTON, D.C. 
LOcust District 
ise 


86-1796 7-1142 
SAN FRANCISCO DETROIT 
T bar E 


NUCLEAR REACTIONS 


Determining Enrichment 
DEAR SIR: 


I wish to comment on the article 
“U Enrichment Can Be Checked by 
Gamma-Ray Spectrometry” (NUCLE- 
|onics, March, 1960, p. 107) by L. A. 
Sarkes and N. L. MacKinnon. 

It should be pointed out that this 
is only true for pure uranium samples. 
\ctually, the enrichment is not deter- 
mined by gamma-ray 
Only the U?*> content is determined, 
and the enrichment is calculated from 
the fact that the total U 
known. 


spectrometry. 


is already 


The data in Table 1 for solid samples 


is very and should have been 
| omitted. deviation of 
the the NBS 
| values, as I calculate them, are 0.55, 
1.19, 3.53, 22.20, 18.25, 5.97 and 8.6. 
The following table shows the type 
that be by 


carefully controlling the experimental 


poor 
The 


measured 


percent 


values from 


of data can obtained 
The samples were 1-mil 
Only the 184-kev 


was counted. 


conditions. 
U foils. 
from U2%5 


gamma 


Vass Spee Veasured % Deviation 


93.01 05 Standard 


91.10 O7 91.4 
81.2 + 2 81.1 


0.33 
0.12 
80.2 +0.2 0.87 
79.2 +0. 79.8 0.76 
61.3 +0 61.6 0.49 
60.2 +0 60.3 0.17 
104 +0 10.5 0.25 
39.6 +0 1.01 
21.4 + 0 21.4 

19.3 +0.2 19.4 0.52 


2 


ranges, 19.3 


SO0.Y 


39.2 


For lower was used 
standard 

19.3 +90.2 Standard 

15.09 + 0.15 15.4 2.05 
10.1 t+ 0.1 10.2 0.99 
+ 0.05 5.4 2.47 


§.27 
{ONALD B. PERRY 
Metallurgy Division 
National Laboratory 

Lemont, Illinois 


Argonne 


DEAR SIR: 

We appreciate the interest Mr. Perry 
has shown in our article, and we are 
that he is using the 
technique described with such good 


happy to see 
precision. 

His criticism of the precision of solid- 
sample data is valid. These data were 
presented, however, to demonstrate the 





simplicity of making approximate en- 
This type 
of information is valuable to accounta- 


richment determjnations. 
bility personnel for sorting purposes. 
The samples were 1-gm NBS standards 
in powder form; we have also ob- 
tained good accuracy with uranium or 
uranium-alloy foil. 

The liquid-sample data were pre- 
sented to show the precision attainable 
with samples of more closely controlled 
geometry. 

The isotopic analysis we briefly de- 
scribed in the article can yield accurate 
data, not only for pure uranium sam- 
ples, but for samples of known uranium 
weight percent, provided, of course, 
that the not 
radioactive. 

L. A. Sarkes and N. L. MacKinnon 


M & C Nuclear, Inc 
Attleboro, Massachusetts 


other constituents are 


Industry Plays Hooky 
DEAR SIR: 


Industry’s relative inactivity in iso- 
tope applications, in my mind, is rather 
baffling. 

American industry has always prided 
itself upon its willingness to accept 
and exploit new ideas and new tech- 
niques, yet industry as a whole has 
made use of radioisotopes to only a 

relative to what it could 
This is all 


For example, a great deal 


small extent 


be doing. not true of 
industries. 
of interesting and useful work involving 
radioactive tracers has been carried 
out in the petroleum industry, and 
almost all of the major oil companies 
have active radiochemistry groups. 
The relative apathy of industry as a 
whole, the 


enrollments in the ORINS radioisotope 


however, is shown in 
training courses. Over the years, the 
students in the 4-week 
predominantly 


basic course 
the 


fields of biology and medicine, rather 


have been from 
than from industry. 

In 1959, a 6-week course was initi- 
ated, especially for industrial scientists 
and engineers. This course not only 
offers all of the basic training in radio- 
activity and radiochemistry included 
in the 4-week course, but also includes 
a comprehensive lecture and laboratory 
offering of radiochemical applications 
to all types of industry. Three such 
courses were given in 1959 with suitable 


attendance, but certainly no backlog, 


July, 1960 - NUCLEONICS 





* 


and the response in 1960 is still rather . Count 0 Nn 


— 


feeble. This is in contrast to the re-| 3m 


is 


t 


sponse to the 4-week course, primarily 
for students in the biological and medi- 
cal fields, which is booked up already | 
for all of 1960 and into 1961. Both| img 
courses are now broken up into 2-week t er 
sections, allowing several combinations | % 
and increased flexibility. . 
I think that industry in general still 
labors under some mistaken notions of 
the hazards, costs and AEC red tape of 
investigations involving radioactive 
tracers. Actually, such work is one 
of the safest types of investigation, is 
a very powerful and versatile tool, and 
can be carried out quite extensively 
with a very modest investment in 
equipment and a minimum of red tape. 
For example one can do useful 
radiotracer work with an investment of 
as little as $1,000 in equipment and j 
can equip a highly versatile radio- € 
chemical laboratory for as little as 
$10,000. These costs are certainly low 
compared with even single items such 
as mass spectrometers, infrared and 
ultraviolet spectrometers, X-ray dif- 
fraction cameras, emission § spectro- 
graphs, electron microscopes, ultra- : 
entrifuges and X-ray fluorescence 
spectrometers each of which costs as 
much or more than a completely 
equipped radiochemistry laboratory. | ¢ Y 
Yet industry regularly buys quantities f ' 
of such instruments with scarcely a 4 
second thought : r ° ? 
As I mentioned earlier, industry’s e Equipment installation and maintenance 
apathy baffles me. Presumably time : , 
and understanding will gradually result Facility operation 
in increased participation by industry. 
The United States has had a head Specialized engineering assistance 


start over the rest of the world in the | 
entire field of nuclear power, high- Pe 2 . 
intensity radiation chemistry and radio- | Training and publications 
isotope applications—due primarily to 
our early development of the nuclear 
reactor and concomitant development 
of advanced types of counting equip- 
ment But this advantage is being 
lost by American industry, as one can | 
see by even a cursory examination of | 
the rapidly increasing literature in this | 
field in Soviet journals. 
VINCENT P. GUINN | : 
Shell Development Company | 
Emeryvule, California | = 
| 
EDITOR’S NOTE: The preceding | 
letter was submitted to this department | 
at the invitation of NUCLEONICS. aS 
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HARSHAW 
MANUFACTURES 
A COMPLETE 
LINE OF 
SCINTILLATION 
AND OPTICAL 
CRYSTALS 


STANDARD 
LINE 


(Hermetically Sealed 


Crystal Assemblies) 
The accepted standard of 
the industry 

Proven through years of 
service in research, me- 
dical and industrial ap- 
plications 

unporalleled performance 
dependability 


INTEGRAL LINE 


(Crystal photo multi- 
plier tube combination 
assembly) 

Improved resolution 
Ready to use plug-in unit 


* 
cam 
@ Permanently light sealed 
o 


Capsule design facilitates 
decontamination 


® Close dimensional toler- 
ances 
Harshaw guaranteed 


SCINTILLATION Mounted Nal(T1) Crystals 


Crystal detectors designed for the 
most sophisticated counting problems. 
Our physics and engineering group 
are available to assist you in your 
special detector problems. 


More detailed information is 
contained in our 32-page book, 
“Harshaw Scintillation 
Phosphors”’. We invite you to 
write for your free copy! 


Large Crystal 


MATCHED 
WINDOW LINE 
(Designed primarily 
for crystals 4’ dia. 

and larger) 


@ “Small crystal” perform- 
ance achieved through 
improved optical design 

® Low mass containers 

®@ Available in standard 
aluminum or complete low 


background assemblies 
Convenient mounting 
flange 

Ready to use 


consistent good quality 








Every Harshaw crystal is a product of our experience 
in crystal growing technology since 1936 

Other Phosphors Available from The Harshaw Chemical Company 

ROUGH CUT THALLIUM ACTIVATED SODIUM IODIDE CRYSTAL 

BLANKS © EUROPIUM ACTIVATED-LITHIUM IODIDE (NORMAL) © 

EUROPIUM ACTIVATED LITHIUM IODIDE (96% Li® ENRICHED) ¢ 


THALLIUM ACTIVATED CESIUM IODIDE © THALLIUM ACTIVATED 
POTASSIUM IODIDE © ANTHRACENE © PLASTIC PHOSPHORS 


| aaron 


OPTICAL Crystals 


For Infrared and Ultra Violet Transmitting Optics 

“HARSHAW QUALITY” INHERENT IN EACH HARSHAW- 

GROWN CRYSTAL GUARANTEES THE MOST EFFICIENT 

OPTICAL TRANSMISSION POSSIBLE THROUGH: 

1) Negligible light scattering in crystals, permit- 
ting higher sensitivity and improved resolution 


2) Freedom from absorptions caused by trace 
impurities in crystal optics 


3) Minimum strain 


“HARSHAW QUALITY” meets the de- 
mand for uniformity of optical properties 
such as dispersion and refractive index. 
Prices, specifications, or other information 
will be sent in answer to your inquiry. 


The following infrared and ultra violet transmitting 
crystals are available; others are in the process of 
development: 


SODIUM CHLORIDE * SODIUM CHLORIDE MONOCHRO- 
MATOR PLATES * POTASSIUM BROMIDE © POTASSIUM 
BROMIDE PELLET POWDER (through 200 on 325 mesh) © 
POTASSIUM CHLORIDE © OPTICAL SILVER CHLORIDE © 
THALLIUM BROMIDE IODIDE ¢ LITHIUM FLUORIDE e 
LITHIUM FLUORIDE MONOCHROMATOR PLATES ® CAL- 
CIUM FLUORIDE ¢ BARIUM FLUORIDE © CESIUM BROMIDE 
* CESIUM IODIDE 


Additional information on the physical and optical 
properties of the above crystals is available in our 
36-page booklet “Synthetic Optical Crystals”. Send 
for your free copy. 


THE HARSHAW CHEMICAL CO. 


Crystal Division * Cleveland 6, Ohio 
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eneral Mills 


lanical Arms 
noth compact 
and economical 


The small size of this watch can make 
repairs a problem unless you have the 
proper sized tools. And the close quar- 
ters found in many “hot cells’’ can make 
remote handling a problem too. But 
now General Mills brings you two new 
Mechanical Arms, Model 100 and 
Model 150, especially designed for in- 
stallations where space is at a premium. 
These new models give you the heavy 
load capacity, maneuverability and full 
cell coverage expected of General Mills 
Mechanical Arms. 

And the cost of the new compact 
models is surprisingly low. For the first 
time you can have an electromechani- 
cal, true remote handling system at a 
price comparable to that of a straight 
mechanical manipulator. You save on 
installation costs too. 


Send now for technical bulletins on both 
the Model 100 and Model 150 Mechanical 
Arms. Write to Nuclear Equipment Dept., 
119 N. Fifth St., Minneapolis 1, Minn. 
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Model 150 Mechanical Arm .. . in- 
corporates the compactness, 
dexterity and immediate response 
required for remote manipulation in 
extremely small areas. Alpha-gamma 
handling, involving operations with- 
in the limiting confines of a sealed 
dry-box, is a made-to-order applica- 
tion for this versatile manipulator. 


: \y = 


Model 100 Mechanical Arm .. . pro- 
vides the maneuverability and 
extended coverage characteristic of 
electromechanical manipulators. 
Yet, it is in the price range of me- 
chanical master-slaves. This 
economy-class manipulator was de- 
veloped to fill a need in small in- 
dustrial and college laboratories. It 
features high dexterity, rapid re- 
sponse and 200 pound load capacity. 


Nuclear Equipment Department 


General 


e 
Mills | MECHANICAL ARMS 
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This forging 

may cradle the 
greatest source of 
energy on earth 


One of the great scientific investigations 
of all time is now in progress, as we strive 
for a controlled fusion reaction. If we suc- 
ceed, man will be able to generate a limit- 
less amount of energy using deuterium 
fuel, a hydrogen isotope, available in in- 
exhaustible quantities from the sea. 

Princeton University carries on the 
study with their Stellarator-type experi- 
mental devices. The Model-C Stellarator 
Facility now nearing completion will 
cost $35 million and consists of an 8-inch- 
diameter, 40-foot-long, racetrack-shaped 
tube to control the reaction. Required 
ignition temperature is in the order 
of 100 million degrees. Any solid material 
will evaporate at that temperature, so 
the hot ionized gas will be confined in a 
magnetic field of 50,000 gauss in the 
Model-C Stellarator. The equipment is 
supported by USS Quality Forgings of 
Type 305 Stainless Steel. 

Altogether, U. S. Steel supplied 17 of 
these stainless steel forgings, fully 
annealed, to Allis-Chalmers Manufac- 
turing Company, major contractor for the 
new Model-C Stellarator. 

The steel for the forgings was forged, 
heat-treated and machined at U.S. Steel’s 
Homestead Plant. Each forging measures 
60%" long, 2114” wide at the base, 15%” 
high and weighs about 2,450 pounds rough 
machined. 

United States Steel makes many forg- 
ings for the nuclear industry. Here, a 
team of experts supervises and controls 
every step of forging production. This same 
team can handle your forging require- 
ments. If you would like additional infor- 
mation about USS Quality Forgings, write 
to United States Steel, 525 William Penn 
Place, Pittsburgh 30, Pennsylvania. 

USS is a registered trademark 
United States Stee! Corporation—Pittsburgh 
Columbia-Geneva Stee!—San Francisco 


Tennessee Coal & Iron—Fairfield, Alabama 
United States Steel Export Company 


United States Steel 





Gas bearing compressors— 
totally enclosed, lubricant free—-can circulate gases 
up to /00 C, 2,000 psi, without contamination .. . 
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BY BRISTOL 


One of the largest manufacturers of motive power units in 
the world, Bristol Siddeley Engines Limited produce gas 
bearing Compressors. The design range covers a very wice 
700 C' gas 


performance capacity, from 0 operating tem 


perature, 15 2,000 psi and O.5 2.000-hp power input. 


These Bristol Siddeley compressors have been designed 
specifically for systems where contamination from lubri 
cants or leakage to atmosphere cannot be tolerated. Each 
unit, fitted with hydrodynamic-tyvpe gas bearings, is totally 
enclosed and no seals are required between the impeller and 
the bearings. 


(jas bearings have several great advantagesover oil-lubri 
cated bearings: the load-carrying capacity imereases with 
speed, temperature and pressure; the bearings are sup 
ported on a film of the gas which is being circulated in the 


system, so there is no metal-to-metal contact under opel 


ating conditions and wear and maintenance are reduced to 


by 


COMPRESSOR 











an absolute minimum; perfect cleanline s preserved at all 


times 


Widest experience—greatest range 
Bristol Siddeley gas bearings were developed originally to 
meet the extremely fine limits of operating purity and pre 
cision of nuclear engineering. But gas bearings have many 
other applications where a rotating shaft must be suppor 
ted in such a way that no contamination and leakage can 
be allowed and whe re the supply of chemically pure fluids 
v gases is essential: in the textile, chemical engineering, 
pharmaceutical, food storage and processing industries, to 
name but a few. Bristol Siddeley produce a wider range of 
vas bearings than any other manufacturer and have the 


greatest experience in their design and application 


For further information please write to Bristol Aero 
Industries Limited, 200 International Aviation Building, 


Montreal 3, Canada. Telephone University 6-5471. 


itt! BRISTOL SIDDELEY ENGINES LIMITED 
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Special Control Valves 


TO MEET THE RIGID SPECIFICATIONS OF 
THE NUCLEAR AND CRYOGENICS INDUSTRIES 





This spotless room is used only to assemble ultra-clean control 
equipment for the nuclear power field and guided missile pro- 
gram. It is pressurized and conditioned by filtered air. Nothing 
in the “White Room” is touched with bare hands. Daily clean- 
ing is accomplished through vacuum outlets in the walls. 


Technicians use special pre-cleaned tools to assemble the 
equipment. They are outfitted in lint-free garments and plastic 
boots. These precautions insure that each piece is immaculate 
until capped and sealed for shipment. 


SS24RA., typical example of the severe standards required in the 
nuclear power industry. Fisher engineers specially designed this control valve 
to handle “hot” radioactive material within the body as well as surrounding 
areas. The alloy body was hermetically sealed by inert gas seal welds. When 
subjected to a mass-spectrometer leak detector test, a leakage of less than 
1x10-6cc per second, at standard conditions was shown. 


Finally, the entire control valve is completely encased to permit decontamina- 
tion of the system. Constructed in 1” to 12” sizes. 


all on Fisher engineers when you have control valve requirements that must 

conform all, or in part, to nuclear or cryogenics specifications. Lee - ® 
IF 1T FLOWS THROUGH PIPE ANYWHERE IN THE WORLD...CHANCES ARE IT’S CONTROLLED BY... t ae 
FISHER GOVERNOR COMPANY 


Marshalltown, lowa / Woodstock, Ontario / Rochester, England 
BUTTERFLY VALVE DIVISION: CONTINENTAL EQUIPMENT COMPANY, CORAOPOLIS, PA. SINCE 1880 





This Many Ampere 
_ Plasma Stream 
may lead to new concepts 
of power generation 
and propulsion... 





A many-ampere source of ions, this device is believed to be the most powerful in - 
operation in any laboratory. Already it is providing new insight into thermonuclear 
fusion. It may lead to new concepts in propulsion including a method of producing 
thrust for missions beyond the earth’s atmosphere. 

Accomplishments like this are the result, we believe, of a unique research environ- 
ment. Among other things, we encourage independence of scientific thought and 


~ 
| " 
| Research Opportunities 
| 
| 
| 
action. And, we make determined efforts to free scientists from tedious routine — . 
l 
| 
| 
| 
l 
| 
| 


in many areas... 
Solid State Physics 
Plasma Physics 
Gaseous Electronics 
Chemical Kinetics 
Particle Physics 
Nuclear Engineering 
Surface Chemistry 
Cryogenics 
Energy Conversion 


RESEARCH LABORATORIES(.;;;.\ 


UNITED AIRCRAFT CORPORATION 1. 
400 Main Street, East Hartford S, Conn. research 


help direct their full mental powers towards scientific achievement. 

Complex calculations, for instance, are handled by the nation’s largest industrial 
computational facility. Unusual assistance — at operational and theoretical levels — 
is available from outstanding leaders in other disciplines. 

We believe that this combination of facilities and services is unequaled. If you are 
interested in corporate-sponsored studies into the fundamental nature of matter in 
an environment where success comes easier, write today. 


Please write to Mr. W. R. Walsh, or phone Hartford, Conn., J Ackson 8-4811, Ext. 7145 
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new dimensions in welded sandwich structures 


° Budd has developed, fabricated, and 
Sar tested high performance, lightweight, 
sandwich structures to meet a variety 

of requirements. 

Applied to insulation problems, sandwich struc- 
tures have permitted extremely low heat transfer 
coefficients . . . applied to heavily loaded structures 
they provide excellent stiffness to weight ratios. . . 
applied to heat transfer problems they have given 
substantial improvement in efficiency. 

Designs can be economically produced through 
improved equipment and improved techniques. 
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For example: a Budd-developed High Speed Weld- 
ing Machine can make 2,000 controlled resistance 
welds a minute. 

Budd welding know-how...and rich back- 
ground in working with many different metals. . . 
assure you the best possible welded sandwich 
structures. What are your requirements? The 
Budd Company, Philadelphia 32, Pa. 


SPACEATOMICS 
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NEW LOOK IN NUCLEAR SUBS... The Navy's 
new submarine Skipjack, built by General Dynamics 
Corporation's Elect Boat Division in Groton, 
Connecticut, features a revolutionary blimp-shaped hull 


and diy planes on the sail (formerly known as 
the conning tower) Althou er spe ed is classified, 
Skipjack is the fastest of the A-Subs 
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“HYDROFORGED” 


FINE-GRAIN 


STAINLESS PIPE FOR 
THE NUCLEAR NAVY* 


THE PROCESS: The starting point is a high quality machined hollow billet 
made centrifugally which is cold expanded by hydrostatic pressures up to 50,000 
PSI in specially designed massive metal dies. After ‘hydroforging”, the pipe is 
given a recrystallizing anneal which results in the grain refinement character- 
istic of wrought stainless steel. 


THE PRODUCT: After final machining of the O. D. and I. D. surfaces to 125 

micro inch finish, the pipe is subjected to all the testing requirements of Military 

Specification MIL-T-18063A (Ships) which covers seamless austenitic steel tubes 

and pipe intended for radioactive system service. This specification includes: 

chemical analysis, tensile properties (for Type 304 stainless steel—75,000 PSI mini- 
mum tensile strength, 30,000 PSI minimum 
yield strength, 35% minimum elongation), 
expanding and flattening tests, hydrostatic 
pressure test, intergranular corrosion test, 
macro-etch, ultrasonic and liquid penetrant 
examination. 


als 

‘~ U. S. NAVY SERVICE APPLICATIONS 
FOR HYDROFORGED STAINLESS INCLUDE: 
Pipe for valve operating system reservoirs and primary water 
preheaters 

Primary coolant piping for nuclear submarines and surface 
ships 

Seamless welding fitting stock for large diameter reactor 
piping systems for submarines and surface ships 


Demineralizer shells 





=m DARLING 

m= SPECIALIZES 
IN SPECIAL 
VALVES 


engineering-production For example, below is one of fifty-five Darling high 
temperature valves produced for a large overseas 
petrochemical plant. Sizes range from 3” to 36”. 


These valves operate at 1100 degrees every 
CLOSE 15 minutes. They’re designed for service 24 hours 
TOLERANCE a day, 7 days a week, and for years of 


machining know-how continuous, maintenance-free operation. 
This is typical of Darling’s production know- 
how on valves for special service requirements. 
Bring your special valve problems to Darling. 





DARLING VALVE & MANUFACTURING COMPANY 


Williamsport 6, Pa. 
Manufactured in Canada by 
Sandilands Valve Manufacturing Co., Ltd., Galt 19, Ont. 
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_ Prompt delivery of Carbon! 
and Tritium labeled compounds 


Your local Picker office (see "phone book) is a dependable 
source for any or all of the 200-odd compounds 

classified below. In this, as in all other matters 

having to do with nuclear equipment and/or supplies, 
your local Picker man stands ready 

to serve you promptly and efficiently. 


- 
> 
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Carbon" labeled compounds 
Simple Carbon Congpounds 
Acetylene and Ethyjene Derivatives 
Alcohols and TheigDe 
Acids and Their De) 

Amino Acids 
Benzene Ring 
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nds may be obtained in standard Millicurie or 
rie packages and many of are also 
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which of these informative brochures 
may we send you? 





Simply check those wanted—and mail to 
Picker X-Ray Corp., 25 So. Broadway, White Plains, N.Y. 
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AEC Appeals as Circuit Court Voids Fermi Construction Permit 


A blow from an unexpected quarter reached out to strike the U. S. nu- 
clear power industry when the U. S. Court of Appeals for the District of 
Columbia Circuit, in a 2-to-1 decision last month, upset AEC’s grant of 
a construction permit for the $88-million Enrico Fermi fast breeder re- 


actor at Lagoona Beach, Mich., 
near Detroit. 

The Commission decided, after a 
hastily-called meeting Monday morn- 
ing, to ask the Solicitor General to 
request a rehearing before the full 
nine-man bench of the Circuit Court. 
Should this be denied appeal to the 
Supreme Court is likely. 

The sweeping majority opinion, 
written by Judge Henry W. Edgerton 
and concurred in by gudse David L. 
Bazelon, said AEC’s findings that the 
Fermi fast breeder reactor could be 
operated without undue risk to the 
health and safety of the public were 
inadequate. It went on to say not 
only that AEC may not issue provi- 
sional construction permits, but must 
make the same finding (that the 
particular reactor can be operated at 
the particular site proposed without 
risk to the public) that it makes when 
it grants — licenses after con- 
struction is completed. It also said 
that even had AEC made such a find- 
ing, the court might not have accepted 
it. And then it went far beyond and 
held that AEC must show “compel- 
ling reason” for locating any power 
reactor near a large city. 

In a vigorous dissent, Judge 
Warren E. Burger said he did not be- 
lieve there was any occasion at this 
time for the court to pass on the issue 
of the ultimate safety of the plant’s 
operation. And he scouted his col- 
leagues’ “erroneous opinion” that be- 
cause millions of dollars had been in- 
vested in the plant, AEC would relax 
its standards and bail out the builders 
by issuing an operating license even 
though the plant’s safety might be in 
doubt. 

The United Auto Workers—one of 
the three labor unions that intervened 
to fight the construction permit when 
it was first issued in August 1956, and 
appealed to the Circuit Court when 
after years of hearings AEC con- 
firmed its action in December 1958 
and May 1959—declared that “the 
decision is a victory of those of us in 
this heavily populated area who have 
a deep respect for the power of the 
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atom.” PRDC’s_ general manager 
Robert W. Hartwell said he felt it 
was ridiculous to require a state of 
design and experience equivalent to 
that Soanael tor an operating license 
before ground is broken on a nuclear 
a se Detroit Edison, who is 

uilding the turbogenerator plant and 
would use the 100-Mwe reactor’s 
electricity on its network, is contin- 
uing its construction of the non-nu- 
clear end on schedule, and feels con- 
fident “the construction permit will 
be reaffirmed . . .” 

AEC Chairman McCone issued a 
statement pointing out that granting 
of the permit in 1956 and oral argu- 
ment on it in 1956-58 took place 
prior to his joining AEC. 

Spokesmen for JCAE said they did 
not expect any attempt to enact legis- 
lation on the matter during the brief 
remainder of this session of Congress. 

The unsettling, dislocating effects of 
the court action—baleful, indeed, if 
they stand—fall into three categories: 

1. PRDC. The action was against 
AEC. PRDC, already struggling with 
a serious fuel-element-design problem 
for its Fermi reactor (NU, March ’60, 
29), now also finds its goal at stake 
as result of the action. The court's 
mandate was not to come down for 15 
days, or June 25. If the court ac- 
cepts AEC’s petition for a rehearing, 
the construction permit remains in 
effect until the full court acts. If the 


petition is denied, AEC can petition 
the Supreme Court for review—but 
the Supreme Court reviews only about 
one case in ten. If AEC is unsuccess- 
ful in obtaining further review, work 
on the nuclear portions of the plant 
at Lagoona Beach must cease. How- 
ever the Fermi builders could con- 
tinue work in the interim on installing 
the turbogenerator plant at the site, 
and on fuel design and fabrication 
problems off site. 

2. Ten other holders of construc- 
tion permits were inspecting their 
permits. About three or four con- 
tain unqualified final findings as to 
the suitability of the site, or as to 
both site suitability and the safety of 
the reactor. The others state merely 
that reactors of the general type con- 
cerned are safe; these permits all now 
have the shadow of the Circuit Court 
decision hanging over them. 

8. AEC. AEC had felt that its 
approach to construction permits— 
granting of provisional permits based 
on reasonable assurance that by com- 
pletion time the plant could be 
demonstrated to be safe—was both 
proper and legal. But AEC was 
most bitter about the new “compel- 
ling reason” test on site selection, 
which it feels the court “made up of 
whole cloth.” Said one official, “We 
could live with the ultimate safety 
test. But we can’t live with the 
compelling reason test for locating a 
reactor near a population center. 
You can’t put a reactor within 30 
miles of two million people; where do 
you draw the line? Under this we 
couldn’t put a reactor anywhere but 
in the Idaho desert.” 


New reactors: Antarctica, barge plant, gas experiment 

AEC last month invited fixed-price bids for a 1.5-Mwe pressur- 
ized- or boiling-water reactor at McMurdo Sound; the bid also 
asked options on one or two more 1.5-Mwe reactors for McMurdo, 
which options AEC or the Navy could take up by Aug. 15, 1961. 
Bids are due July 18 and contract award Aug. 1, subject to avail- 
ability of funds (the Senate is expected to provide $13-million for 
Antarctic reactors but only McMurdo will go ahead now). 

Other June reactor developments: The Army Engineers have 
asked bids in August for a 10-Mwe, non-propulsion, water reactor 
for installation in a Liberty-ship hull (only design funds available 
now). . . . AEC may schedule construction of a beryllium-mod- 
erated, gas-cooled maritime reactor experiment at Idaho. 








House Appropriations Committee Launches ANP Inquiry 


The Defense Subcommittee of the 
House Appropriations Committee be- 
gins this month an inquiry which its 
chairman says has as a major goal the 
narrowing of the Aircraft Nuclear 
. Program (ANP) to one concept— 
with the indirect-cycle approach of 
Pratt & Whitney having the edge, at 
this point, over General Electric’s 
direct-cycle approach. 

The Congressional probe, to be led 
by Rep. George H. Mahon (D-Tex.), 
will be kicked off by a round of visits 
to installations doing ANP work. 
Simultaneously, the Mahon group's 
staff will get to work on material- 
gathering to lay the groundwork for 

earings on the program during the 
next session of Congress. 

Meanwhile, the Administration ex- 

cted completion this month of the 

test in a series of its own ANP stud- 
ies—this one by an ad hoc subcom- 
mittee of the Air Force Scientific Ad- 
visory Board (SAB). 

Mahon’s inquiry was scheduled 
during this year’s appropriations hear- 
ings on the AEC budget, when the 
ANP program came under severe at- 
tack by several members of the Ap- 
propriations Committee. They bris- 
tled at the $980-million expenditure 
consumed during the project's off- 
again, on-again 13-year history and 
were startled by the lack of tangible 
results. Consequently, the $73-mil- 
lion requested by AEC was very 
nearly axed by the Committee, when 
a narrow 19-18 vote barely saved the 
program but reduced funds to $58- 
million (NU, June ’60, 21). 

Rep. Melvin Price (D-Ill.), chair- 
man of the JCAE subcommittee which 
has followed ANP longer and closer 
than any other Congressional body, 
supported the continuance of a broad, 
maximum effort developmental pro- 
gram. Price told NucLEonics: “It 
would be a horrible mistake—the 
height of folly—to cancel direct-cycle 
work. The direct cycle has actually 
developed the feasibility of nuclear 


flight, and with it we can put a plane 
in the air now.” 

Mahon, in disclosing details of the 
special study to NUCLEONICS, said 
that one thing which could “go a 
long way toward satisfying Commit- 
tee critics” would be for the joint 
Defense Dept.-AEC program to settle 
on one or the other of two concepts 
being followed in developing a nu- 
clear propulsion engine. Mahon’s 
statement that the subcommittee was 
greatly impressed by progress ‘made 
by Pratt & Whitney and Oak Ridge 
National Laboratory on an indirect 
cycle plant, in essence, bespoke the 
rapidly growing opinion on Capitol 
Hill that work by General Electric on 
direct cycle should be de-emphasized. 


Air Force Ad Hoc Study 


The 15-man SAB Ad Hoc group 
(including consulting aerodynamicists, 
nuclear materials specialist and physi- 
cists) is headed by E. H. Plessett, 
former Rand physicist, long an SAB 
member, and head of a consulting firm. 

The Plessett survey began in June 
at Germantown with a management 
and background type briefing of the 
project from the AEC Aircraft Reac- 
tors staff. The group throughout the 
remainder of the month visited prin- 
cipal field test and developmental 
facilities involved in ANP work. 

Principal reason for the Air Force 
study, explained Gen. Irving L. 
Branch, ANP chief, is to assess degree 
of technical progress made since the 
program was re-directed last summer. 
At that time, developmental efforts 
were re-oriented from fly-early-at-any- 
cost essentially to advanced research. 


Mahon Writes to Eisenhower 


Mahon said he was writing the 
President to call his attention to cur- 
rent “mismanagement” and to guar- 
antee a top-level Administration look 
at ANP. “I want the people in 
charge of the program to face up to 
these problems more than anything 





atomic field. 


abroad. 


New York 36, N. Y. 





Have you subscribed yet to NUCLEONICS WEEK? 


Every day more nuclear people are discovering that they need NUCLEONICS 
WEEK to keep fully and currently informed about developments in the 


In fact, not merely currentily—NUCLEONICS WEEK digs out 
for you what is going to happen: who is going to get that contract, what 
AEC is contemplating doing, what members of the Joint Committee are 
thinking, what new products companies have up their sleeves. 
WEEK is actually the ‘‘yellow pages’’ of NUCLEONICS gone weekly, with its 
finger even more closely on the pulse of the atomic industry. $75 per 
year in North America includes cost of airmail west of the Mississippi; $90 


Make a date this week with NUCLEONICS WEEK, 330 West 42 Street, 
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else; so far after spending $980-mil- 
lion down through the years with no 
positive results, it seems nearly every- 
one connected with the program has 
to pay it lip service,” Mahon said. 

The subcommittee staff—with the 
assistance of outside consultants— 
will bend its efforts to completion of 
the study and constant surveillance of 
the program up to the next session of 
Congress, according to Mahon, at 
which time he will seek a showdown. 

As for the possibility of Russia out- 
Sputniking the U. S. in ANP develop- 
ment, the House Appropriations Com- 
mittee signified its leanings in the 
form of a mandate levied in its May 
report on the AEC budget: 

“Should current reviews of the pro- 
gram find no appropriate military or 
peaceful application, then the entire 
ANP program should be abandoned 
as too expensive for the nation, not- 
withstanding the international pres- 
tige loss were Russia meanwhile to 
perfect an atomic plane.” 


Branch Welcomes Inquiry 

General Branch defended the pres- 
ent program, —s the work by 
General Electric on a direct cycle sys- 
tem, and stated that he was very glad 
the Congressional group is under- 
taking its — study—“because 
they'll be looking at the same hard 
facts we do and in the end their con- 
clusions will be the same as ours.” 

Steadfastly holding to the opinion 
that the program should continue fol- 
lowing the two-concept development 
at the present $150-million per year 
level of spending aimed at flight in 
the mid-sixties, Branch said, “You 
can't go to supersonic flight with 
Pratt and Whitney until you learn 
something about the direct cycle; and 
if you get a nuclear plane into the air 
fast, there’s no question but what 
you'll get it there with a direct cycle. 
. . . Fact is it’s hard enough to work 
on this program, but as Rickover 
says, it’s impossible to get anything 
done because of all the paper studies 
going on.” 

Another key Air Force administra- 
tor said in response to the insistence 
of the House Appropriations Commit- 
tee that the nuclear aircraft have a 
definite military requirement: 

“If we find it has no possibility of 
flight, or is of no more use than study- 
ing the sex life of a butterfly, then 
we'll cancel it. But it’s very difficult 
for me to envision now specific appli- 
cations—there were none hanging 
over the heads of the Wright brothers, 
you know. And it’s also hard to en- 
vision anybody closing their eyes to a 
new field of propulsion.” 
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AGR Advances May Permit Non-Remote Reactor Siting 


Britain is thinking about a new horizon for its AGR (Advanced Gas- 
cooled Reactor): location in densely-built-up industrial areas. This 
would result if total containment of commercial-size power reactors of 
this type becomes economically feasible, as now seems possible thanks 


to reductions in volume that flow 
from novel features adopted for the 
first time in the engineering structure 
of the prototype AGR nearing com- 
pletion at Windscale. 

This was one of several points ad- 
vanced to NUCLEONICS by Sir William 
Cook, member for engineering and 
production of the U. K. Atomic Energy 
Authority, in a new statement of con- 
fidence in the AGR concept. This is 
the second of three stages in British 
development of gas-cooled reactors. 
(The first is Calder Hall and its 
successors: Bradwell, Berkeley, Hun- 
terston, Hinkley Point, Trawsfynydd, 
under construction, and Dungeness 
and Sizewell, soon to be started; the 
second is AGR, also graphite mod- 
erated and CO,-cooled but using 
slightly-enriched uranium and—even- 
tually at least—beryllium cladding in- 
stead of magnox; the third is HTGC 
(High Temperature Gas Cooled), 
using graphite-clad ceramic fuel. 
AGR is represented in hardware by 
a 28-Mwe prototype (NU, Jan. ’60, 
23) under construction on schedule 
at Windscale with completion set for 
April 1961. HTGC has had a criti- 
cal experiment, Zenith, completed at 
Winfrith Heath, and a 10-Mw pilot 
plant, Dragon, recently begun at the 
same site.) 

The first commercial-size AGR is 
expected to be 500-600-Mwe. The 
belief is it will be located along- 
side a Calder-type station at the Old- 
bury-on-Severn site (NU, March ’60, 
26). Sir William and the Central 
Electricity Generating Board still de- 
cline to give a firm date for start of 





construction on the pioneer large 
AGR, but Sir William indicated work 
was not likely to start for another two 
years on such a unit. 

Clearly the main obstacle in ex- 
ploitation of the AGR system is not 
nearness of any rival reactor concept, 
but simply the need still to an 
questions concerning behavior under 
irradiation of beryllium and stainless 
steel, competing for the fuel-cladding 
role. But the metallurgical snags in- 
volved here are still thought by top 
UKAEA reactor personnel to be tri- 
vial compared with the latent nasti- 
ness that might well assert itself in 
the development of the HTGC. 

It was made abundantly clear that 
the time scale now envisaged in the 
development of AGR and HTGC 
systems respectively leaves an ample 
period for exploitation commercially 
of the AGR. 


AGR Economics 

Power cost in an early AGR sys- 
tem at the reactor size contemplated 
should be close to 0.5 pence/kwh 
(5.8 mills), said Sir William, and 
hence equal to the best of any coal- 
fired station available on the same 
time scale. The uncertainty about 
cladding would hardly reflect on the 
cost per kwh, the price differential 
being less than 0.02 pence. 

From other sources, NUCLEONICS 
gathers that the cost/kw installed of 
a 500-600-Mwe AGR station, ori- 
ginally thought to lie in the region of 
$196-224, now looks to be as low as 
$168, on the basis of very recent 


AGR AT WINDSCALE NEARS COMPLETION. Compare photo NU, Jan. ‘60, 23. 


it is scheduled to go critical next April 
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optimization studies that have only 
just become possible within the 
digital computer capacity of the AEA. 


Size-Reduction Potential 


Compact geometrical configuration 
of the AGR prototype, which repre- 
sents radical gains over Calder-type 
layouts, has been achieved by three 
new features: 

1. The base of the heat exchangers 
is coplanar with the top of the pres- 
sure vessel, The support plane passes 
through the axes of the gas ducting, 
greatly simplifying the Fact design. 
Also, the reactor vessel is suspended 
from points near its top dome to the 
external concrete shielding, utilizing 
for the first time the massive concrete 
walls for structural purposes. 

2. Concentric inlet and outlet gas 
ducting between reactor and heat ex- 
changer. This re-entrant gas-flow 
principle results in the economizer, 
the coldest region, being at the upper 
end of the heat exchanger with con- 
sequent advantage to the natural 
circulation of the coolant in the event 
of failure of the main circulators. 

3. Introduction of an internal neu- 
tron shield above the core within the 
reactor vessel. This reduces the 
thickness of the biological shield 
above the reactor and prevents neu- 
tron streaming through the ducts, 
which consequently do not need to 
be ubaeneied or shielded. The 
arrangement also enables access on 
shutdown to the outside of the upper 
shell and its supports for inspection 
and maintenance, as well as controlled 
access to the inside of the reactor 
above the core after fuel discharge. 
It also offers the possibility of com- 
plete core replacement. 

Another feature of the reactor is 
the separate access provided to each 
fuel channel. This is claimed to 


simplify the mechanics of gees | 
and discharging under pressure, an 
facilitates instrumentation of the fuel 


elements. The 400-ton refuelling 
machine, 60 ft high, can align itself 
automatically with any fuel channel 
to within 0.005 in. 


Containment Philosophy 


The promise of major size reduc- 
tion holds out the possibility of using 
a total containment envelope around 
the reactor, something that neither 
Calder Hall nor any of its successor 
plants in Britain now have—they are 
simply too big. (Only the 15-Mwe 
Dounreay fast breeder pilot plant 
among British power reactors has a 
containment sphere.) 





ATOMS 


IN SPACE 


Space Looms as Major Market for Nucleonics Industry 


Nucleonics-in-space appears likely, long before this decade is out, to 
take its place alongside nucleonics-in-the-Navy as a major outlet for the 
reactors, isotopic-power sources, radiation instrumentation and related 
equipment produced by the nucleonics industry. Moreover, the outer- 


space applications of nucleonics, 
though coming along on a later 
schedule than the Naval program, 
appear likely eventually to surpass 
even it—in both size and breadth. 

Isotopic power appears to be on 
the verge of acceptance (see page 
26); pa Sted instruments have been 
in use for some time in both satellites 
and space probes; and the develop- 
ment of reactors for both propulsion 
and auxiliary power is being recog- 
nized as indispensable to interplane- 
tary age exploration. 

Aside from radiation instrumenta- 
tion, an important nucleonics space 
market is only now beginning to de- 
velop. But developments in space 
radiation in recent months indicate 
the snowballing interest on the part 
of the “customer’—i.e., the federal 
government. Last month’s develop- 
ments: 


RADIATION SAFETY 

@ AEC policy. AEC, which has 
responsibility for the safe operation of 
alieten devices in space, held a 
classified meeting June 2-4 prelimi- 
nary to reaching policy decisions on 
when—and under what circumstances 
—nuclides and reactors may be em- 
ployed. General Manager Alvin M. 
Luedecke and the AEC’s Aerospace 
Nuclear Safety Board heard reports 
from the industrial contractors work- 
ing on space applications, as well as 
officials of the National Aeronautics 
and Space Administration and other 
prospective users of nuclear devices. 
Luedecke’s recommendations on AEC 
safety policy were then to go to the 
Commission. 

© Three-agency review. Also con- 
sidered at the AEC oe was a 
recently completed, classified review 
of radiation-safety by staffers of AEC, 
NASA and the Defense dept. Au- 
thoritative sources said the report 
found no irreconciliable bar to the 
outer-space use of radiation devices. 
The report also specifically cleared 
Gasiadens Air Force Base—under 
certain safety criteria—for the firing 
of rockets carrying SNAP-3 devices 
for auxiliary power. Each of the 
three agencies participating in the re- 
port was reviewing it at top level and 
an unclassified summary of its con- 
clusions is to be presented at a rocket 
conference in Santa Monica, Calif., 
Sept. 27-30. 
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ROCKET PROPULSION 

® NASA flight-test program. An 
estimated 10-15 proposals were re- 
ceived by NASA May 81 for two 
$100,000 contracts on a flight-test 
program for the first nuclear rocket. 
Industry observers were expecting the 
contract awards early this month. 
Essentially, the contractors will sug- 
gest what a second- or third-stage 
nuclear rocket might look like (based 
on Project Rover technology) and 
how to meet the problems of launch- 
ing and firing such a rocket in boost- 
ing it into space with a Saturn rocket. 

@ Navy program. The Navy dis- 
closed that its Pt. Mugu, Calif., mis- 
sile center was conducting a study 
“to investigate problems associated 
with the launch, test and recovery 
operations which Pt. Mugu may en- 
counter in the research, development, 
evaluation and test of nuclear sys- 
tems.” Industry sources said Pt. 
Mugu was expecting proposals about 
mid-June for one or more contracts 
to evaluate current rocket technology 
in terms of the Navy's military 
responsibilities. 

@ Air Force program. NUCLEONICS 
learned the names of several of the 
winners of two funded and five non- 
funded contracts from Edwards Air 
Force Base similar to those expected 
to be awarded by Pt. Mugu (NU, 
May ’60, 24). Selected for funded 
contracts were Aerojet-General and 
the group Reaction Motors div. of 
Thiokol Chemical, Allison div. of 
General Motors, Linde div. of Union 
Carbide and Nuclear Development 
Corp. of America. Westinghouse 
and Martin won nonfunded contracts 
which, though carrying no financial 
support, give their holders access to 
classified rocket technology and also 
keep their ideas before the AF. Ed- 
wards was expected to make a formal 
announcement of all the winning 
contractors before end-June. 

@The 300-kwe SNAP reactor. 
The AF’s Air Research and Develop- 
ment Command at Wright Field, 
Dayton, Ohio, selected AiResearch 
Manufacturing Co. of Phoenix, a divi- 
sion of Garrett Corp., as prime con- 
tractor for development of the largest 
space reactor yet scheduled—800 kwe. 
AiResearch, which will supply the 
power-conversion machinery and engi- 


neer the complete package, selected 
Aerojet-General to supply the reactor. 

The other finalists, reportedly, 
were Thompson-Ramo-Wooldridge and 
Sundstrand Corp., with all three final- 
ists choosing the Aerojet reactor in 
preference to one offered by Atomics 
International, it was understood. 
Wright Field was placing develop- 
ment emphasis on the complete 
power system and did not want to 
commit development money to the 
reactor. So Aerojet was understood 
to have gotten the nod because it 
offered a simple scale-up of the zir- 
conium hydride-moderated, sodium- 
cooled reactor developed by AI for 
SNAP-2 (3 kwe) and SNAP-8 (30- 
60 kwe), while AI proposed a more 
advanced version. 


ISOTOPIC POWER 

® Martin Program. Martin Co. is 
doing conceptual-design studies on 
isotopic-power sources for deep space 
probes and lunar-impact missions. 
In the latter category, it has com- 
pleted conceptual design of a 13-watt 
device which would withstand impact 
and provide power for up to 13 
months. Candidate radionuclides for 
such a device are polonium-210 and 
curium-242 (see page 31), since their 
half-lives of less than six months 
would mean a short decay period in 
the event of a mishap on impact. 

Martin representatives have also 
been visiting Quehanna, Pa., where 
Curtiss-Wright will shut down its 1- 
Mw pool reactor. Martin’s interest 
is in the five adjoining hot cells, for 
possible use as a manufacturing plant 
for stronium-90 cores for isotopic 
power batteries. Martin had pre- 
viously been denied permission to 
build an Sr” plant at Middle River 
near Baltimore. The Navy reportedly 
wants Sr” batteries for use as sub- 
marine navigating beacons. 


RADIATION INSTRUMENTATION 

®@ NASA meeting. NASA, which is 
coming to rely more and more on the 
radiation-instrument industry for both 
satellite and probe equipment, has 
called a meeting for late July in 
Washington to brief these and other 
instrument makers on what the 
agency will need in the way of new 
instrumentation over the next ten 
years; some 1,500 scientific and in- 
dustry people are expected to attend. 
Radiation equipment is a substantial 
portion of NASA's fiscal ’61 budget 
of $80-million for satellite and sound- 
ing-rocket instrumentation. 
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PICTURE STORY OF THE MONTH 


Hardware —and Dreams: 
Atoms-in-Space Booming 


NUCLEONICS pictures here three aspects of the boom in ap- 
plying nuclear energy for use in exploring space: work on 
actual hardware, represented by the second reactor in the 
Rover program, Kiwi-A-Prime (at right), now being readied 
for criticality this summer at the Jackass Flats, Nev., test 
site; a blue-sky advanced idea for a space propulsion reac- 
tor (below, center); and SNAP-10, an auxiliary-power reac- 
tor using thermoelectric power conversion, now being 
worked on at Atomics International. 


AT RIGHT: ACTUAL KIWI-A-PRIME engine is shown (at 
top) on test stand in MAD building (Maintenance, Assembly 
and Disassembly). Hanging below, down to corona effect 
from spotlights, is complex control-rod mechanism. (Right 
center) Control-rod mechanism of cold-flow mockup for Kiwi- 
A-Prime, mounted on railroad car on which it is moved into 
place by remote-controlled engine. > 


ABOVE: GASEOUS VORTEX REACTOR scheme could the- & 
oretically achieve temperatures of 90,000-100,000° F 
with hydrogen coolant, for a 4000-sec specific impulse. 
Finely-divided uranium fuel intimately mixed with coo!- 
ant would provide high heat-transfer-surface area, 
would be kept in cavity by centrifugal force while 
lighter hydrogen is expelled through nozzle. Reflector 
would be graphite or beryllium. Sketch is by Douglas 
Aircraft Co. Brookhaven, Cal Tech are working along 
similar lines. Feasibility of concept is not yet proved. 
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BELOW: SNAP-10 is a reactor using thermoelectric direct con- 
version. A peel-off of SNAP-2 technology, it uses the same 
advanced materials, physics and control techniques, but has 
only “oth SNAP-2's power output, or about 300 watts. Re- 
actor power is 15 kw, system efficiency 2%, system weight 
330 Ib. Hot, cold junction temperatures are 1200, 800° F. 
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Isotopic Power Ready for Space But Caution Delays Use 








In at least one aspect of the nation’s space effort the state of the art 
is well ahead of the application the use of radioisotopic auxiliary power 
sources. The U. S. now has capability to place in artificial earth satel- 
lites and space-probe vehicles SNAP-3 devices for powering sensory and 


communications systems. But the 


devices are not being exploited for 
reasons primarily psychological and 
political. 

There are two major questions 
about isotopic devices—neither in- 
volving the question: will they work? 
They are: 1. can they be managed 
safely from launch pad through all 
possible rocket aborts?; and 2. is the 
U. S. opening itself to foreign criti- 
cism—particularly from the Soviets— 
in sending radioactive materials into 
outer space? In answer to the first 
question AEC officials say that SNAP- 
3, the 3'%-5-watt polonium device 
developed by AEC and Martin Co., 
has been fully tested and could be 
scheduled immediately for launchings 
over the South Pole from Vandenberg 
Air Force Base, Calif.—although none 
is scheduled as yet. 

As for the international political 
problem—a particularly difficult one 
in view of the long controversy over 
weapons fallout—AEC tests to date 
show that it would take 100 years to 
come within two magnitudes of back- 


ground radiation in the atmosphere 
(1/100th of background) if one 
SNAP-1A device per month were 
burned up on re-entry. (SNAP-1A 
is being developed to produce 125 
watts with 880,000 curies of cerium- 
144 (see photos). 


Parallels Antarctic Reactor Lag 

The current isotopic-power impasse 
parallels in many respects the delay 
in utilizing nuclear power in the 
Antarctic (page 21). In both cases 
the nuclear technology has been 
successfully developed and the nu- 
clear equipment is universally ac- 
cepted as a good thing both econo- 
mically and _ logistically. However, 
use of reactors in the Antarctic is 
hampered by artificial budgetary con- 
siderations (NU, Apr. 60, 27) and 
the use of isotopic power in space is 
hampered by the reluctance of rocket- 
eers to accept radioactive devices on 
the launching pad and by the ever- 
present threat of international criti- 
cism. 

These psychological and political 


AN ARTIST'S CONCEPTION OF SNAP-1A in space, top left, shows two of the 
125-watt devices feeding electricity to the instruments of a Discoverer recon- 
naissance satellite. Middle, first prototype of SNAP-1A and, lower left, second 
prototype, now under test at Martin Co. SNAP-1A is scheduled for first fuel load- 
ing in January, to be followed by a year's operational testing. Specifications: 
125 watts at 28 volts; efficiency 5%, or 6,200 watt hrs/ib; 800,000 curies cerium- 
144 deliver heat at 277 pairs lead telluride thermocouples (see bottom cutaway); 
lifetime, 1 yr; size, 34 in. high x 24 in. max dia. To maintain 125-watt power, 
helium under pressure in dome is used as excess-heat conductor, leaking at 
constantly slower rate. 
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problems have loomed so large in the 
isotopic power picture that one AEC 
official despaired: “We have resigned 
ourselves to the fact that we'll use 
these only in missions where nothing 
else is available. However, our case 
is being helped day-by-day by fail- 
ures in the other [competing] de- 
vices. 

The alternative to isotopic power 
is solar power (the more powerful 
nuclear systems using reactors are 
expected to have little competition 
when they are ready). Though solar 
devices have been used with less than 
complete success, they present no 
pre-launch handling problems and the 
two agencies involved most deeply in 
rocketry—the Air Force and the 
National Aeronautics and Space Ad- 
ministration—continue to prefer them 
to radioactive devices. 

But, while solar units have been 
able to produce small amounts of 
power for relatively long periods, 
they are impractical in missions call- 
ing for ruggedness (lunar impact, for 
example) and through areas devoid 
of sunlight (Venus is blanketed in 
light-blocking gases and the moon 
is dark on one side). Moreover, 
solar devices have a poor reliability 
record and, since in space missions 
the instrument package is all-im- 
portant, auxiliary power failure is 
disastrous. “Dead pounds of satel- 
lite in orbit are not worth a damn,” 
an AEC official pointed out. 


Safety Program 

Martin Co., prime contractor to 
AEC’s Aircraft Reactors Branch for 
isotopic-power development, took 
SNAP-3—and is now taking SNAP- 
1A—through a test program anticipat- 
ing every conceivable abort situation. 
The devices are being designed so 
they will remain sealed in any abort 
prior to leaving the earth’s atmos- 
phere but, at the same time, will dis- 
integrate to molecular-size particles 
on re-entry. Particles of less than 10 
microns, it is felt, will reside in space 
until long after the contained radio- 
activity has decayed to meaningless 
levels. The test program currently 
under way for SNAP-1A follows: 

1. Pre-launch. Anticipating the 
possibility of the cerium core of a 
SNAP device dropping off of a rocket, 
the inconel-clad core has been pre- 
heated to its operating temperatures 
of ~2,000° F and dropped 70-90 ft 
to a concrete pad. The cores have 
been dropped into liquid oxygen 
(LOX) and scale models of an entire 
Atlas system with a cerium device 
have been dropped into exploding 
LOX and kerosene to simulate a pad 


explosion. In such an abort simula- 
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tion the cerium has withstood tem- 
peratures of many thousands of de- 
grees Fahrenheit and pressures of 
several hundred psi. 





Isotopic vs. Solar Power 
When will isotopic-power de- 
vices be put to use? An official 
of the Defense dept.’s Advanced 
Research Projects Agency put it 
this way: Solar devices are pre- 
ferred over isotopic power be- 
cause they present no radiation 
problem. However, recent solar 
failures, due to leaking of the 
storage batteries with which 
they must be used, is forcing 
consideration of isotopic power. 
Meanwhile, however, the battery 
industry is proceeding with a 
vigorous effort over the next year 
to perfect solar-cell batteries 
able to stand up in space. If 
isotopic power is actually put to 
use in the interim it may be 
here to stay, particularly for 
missions where there is no sun- 


light. 











2. Recovery on re-entry. For the 
foreseeable future no device is likely 
to be built for recovery from outer- 
space. However, operating on the 
possibility that this may some day be 
desirable, Martin is testing molybe- 
num-clad cores for ability to withstand 
re-entry shock. This includes sub- 
jecting the cores to rocket-sled im- 
pacts against concrete, granite and 
water barriers; in all cases the cores 
have remained intact with only slight 
plastic deformation. To simulate re- 
entry environment, the core is coated 
with an ablative and tested in a 
plasma-are furnace at 8-9,000° F in 
the presence of re-entry gases. 

3. Burnup on re-entry. The one 
admitted “gray area” in the entire 
radiation-safety program—as regards 
the safety of earthlings—lies in the 
possibility that a rocket may fall just 
short of necessary orbital speed; 
somewhere between 23,000 and 
24,000 ft/sec there is a band of 100 
ft/sec where, although the isotopic 
devices will surely burn up, the par- 
ticles may be too large to remain 
above the atmosphere. However, 
AEC officials feel there would have 
to be thousands of such aborts to even 
approach the decay rate now existing 
in the atmosphere from weapons tests. 
Current tests show that in all other 
re-entry situations isotopic materials 
will disintegrate to particles no larger 
than 10 microns—a mass so small that 
residence time in space would go 
well beyond decay period. 

4, Generator strength. In addi- 
tion to the precautions being taken 


with the core, the generator, which 
carries the core and converts the heat 
to electricity, is being tested to with- 
stand several types of shock, includ- 
ing launch stresses and the strain of 
jolts as much as 50 times gravity as 
the various rocket stages separate. 

In short, AEC and Martin feel they 
have demonstrated for SNAP-3—and 
by the end of this year will have done 
the same for SNAP-1A—that every 
conceivable test that can be con- 
ducted on the ground has been car- 
ried out successfully. “We feel pretty 
secure,” an AEC safety expert summed 
up, “about the safety of a SNAP-3 
device in a polar orbit.” 

However, looking beyond SNAP-3, 
whose 5-watt capability is only a frac- 
tion of the power eventually expected 
from nuclear devices, AEC will go 
into an extraterrestrial test program 
later this year. The program, which 
is geared primarily to gathering con- 
clusive evidence on what happens 
on re-entry of a radioactive device 
(verifying theoretical evidence), will 
involve rocket firings into the upper 
atmosphere from such sites as White 
Sands Proving Ground, N. M., and 
Wallops Island, Va. The rockets will 
be instrumented to send back data on 
air mixing rates, particle-settling rates 
and similar data. The tests have 
been scheduled primarily “to satisfy 
the political environment” in which 
radioactivity vis-a-vis the atmosphere 
is particularly sensitive. 


First Shots from Vandenberg? 

On the basis of a radiation-in-space 
safety study completed in May by 
experts at NASA, AEC and the De- 
fense dept., it appears likely that the 
first isotopic generator will be used in 
a rocket fired from Vandenberg. 
This West Coast base is favored over 
Cape Canaveral, Florida, because a 
“ak area south of Vandenberg to the 
South Pole has no large land mass; 
the South Polar route would take the 
rocket up over the Indian Ocean from 
Antarctica, across Madagascar (10,- 
000-plus mi out of Vandenberg) and 
then across the Near East and Russia 
on its way to the North Pole. 

If the rocket shows signs of stray- 
ing early in its flight, it can be de- 
stroyed by the range safety officer; 
any abort down range might be 
handled by picket ships; then, beyond 
the opportunity for destroying the 
missile, it is felt that an abort below 
re-entry speeds would drop the SNAP 
generator either in Antarctic wastes 
or in ocean water; just before reach- 
ing a Madagascar latitude the rocket 
would either be in orbit or on its 
way to outer-space or re-entering the 
atmosphere at burn-up speeds. 
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REACTOR NEWS 


WTR AFTERMATH: MANY LESSONS LEARNED 


Only one element failed in the Westinghouse Test Re- 
actor early in April (NU, May 60, 27). Although the 
fragments of the failed element were mangled upon re- 
moval so that hot-cell examination could not yield 
maximum results, it is now believed the element had an 
area at least half an inch square on one tube segment 
where meat and cladding were not properly bonded, 
and that a hot spot developed here, swelled and shut 
off coolant flow. Among lessons already learned from 
this incident: 

® More thorough examination of delivered fuel elements 
by the reactor operator can prevent accidents, might 
have prevented this one. 

®@ Value of the blister test, long a standard tool, may 
be in serious question for tubular alloy elements. The 
element segments had been blister-tested at 900° F, but 
before being rolled into longitudinal segments of 
cylinders (to form tubes). 

@A reactor’s on-site waste disposal plant should no 
longer be regarded as a necessary evil, first to be cut 
back if funds get tight. What to do with low-activity 
waste water used in cleanup operations has emerged as 
a major problem in reactor management: Westinghouse 
has had to have some 36-odd 20,000-gal holdup tanks 
erected on the WTR site (at about $3,000 each, total 
cost is over $100,000), and is now adding a 500,000- 
gal tank. It has concluded its original evaporator 
(capacity %-gpm) is “frankly a toy, okay routinely, no 
good at all in such an emergency”; but a larger one to 
be installed won’t be operational until August. Indeed, 
@.. . insurance circles are beginning to think of penal- 
izing insured reactors—where it hurts, in the premium 
for inadequate holdup water capacity. 

® Unrealistic regulations are also spotlighted: waste 
water disposal was not facilitated by state law requiring 
water dumped to streams to contain no more than 10° 
millicuries/cc activity. Rainwater has averaged 10" in 
the area. 

© Personnel exposure-time is another cleaning-up head- 
ache. Everyone who would volunteer was pressed into 
service to remove shroud tubes in the subpile room, one 
of the hotter areas (local field above 50-r/hr around the 
bolts, six of which fastened each shroud tube). Maxi- 
mum exposure time per man was 2% minutes, just the 
time it took to remove one bolt; each man needed an 
hour to dress, to work 2% minutes removing one bolt, 
then another hour to undress and shower. 

The WTR incident now seems likely to be the first 
loss collected under NEPIA (Nuclear Energy Property 
Insurance Assn.). Amount of the loss cannot yet be 
estimated; guesses run above $500,000. : 

Decontamination is now nearly completed; mean- 
while an additional heat exchanger for 60-Mw operation 
has been installed, and the reactor is slated to be back 
in operation this month. 


QUEHANNA REACTOR TO BE SHUT DOWN 


Curtiss-Wright confirmed last month that it plans to shut 
down its 1-Mw pool research reactor at Quehanna, Pa., 
and is considering leasing the facility, complete with five 
hot-cells, to another firm. A number have shown in- 
terest. Earlier some firms came in to discuss buying 
the reactor, before C-W decided on lease instead of 
sale. If a lessee does not take over in time to assure 
uninterrupted operation, AEC officials said C-W would 
have to get Commission approval for a deactivation pro- 
gram just as it had to for startup: “You just can’t walk 
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away and leave the fuel there,” said one. Simultaneously 
Curtiss-Wright reorganized its staff, with all reactor 
activities being shifted to the Nuclear Radiation dept. at 
Princeton, N. J. This includes completion of four re- 
search reactor construction jobs: for Watertown Arsenal, 
Missouri Univ. School of Mines, Thailand, and—on sub- 
contract to Lummus—Brookhaven’s High Flux Reactor. 


ASK FLORIDA REACTOR STRETCH-OUT 


Florida West Coast and East Central Nuclear Groups 
have recommended to AEC a reoriented research pro- 
gram and a two-year postponement of the reactor’s 
target completion date. Recent cost estimates have in- 
creased so sharply that the project is being redefined; 
Philip Sporn, head of ECNG, reported to AEC and 
JCAE that latest construction cost estimates—now placed 
at $29.5-million—exceed the limits of the original obliga- 
tions by private utilities to the project. (ECNG is 
administering the entire research-development program 
for FWCNG and has agreed to finance $9-million of its 
$18-million cost, with AEC paying the other half and 
FWCNG the construction cost, originally set at $26- 
million. The contract with AEC says construction 
would be undertaken if power cost is not more than 
150% of conventional power.) The reorientation of re- 
search is aimed at switching from stainless steel to 
beryllium cladding for the fuel elements and taking the 
necessary time to prepare beryllium for this role. 
Second main technical program is to fabricate pressure 
tubes having low neutron absorption cross section and 
able to stand prolonged irradiation. The projected 50- 
Mwe prototype would be pressure-tube, D:O-moderated 
and gas-cooled, and would be built at a site near Tampa. 


TWO NEW JOBS FOR M&C NUCLEAR 

The first 1960 orders for nuclear navy cores—for three 
S5W submarine cores—went to M&C Nuclear (NU, 
May °60, 20). The Attleboro, Mass., firm was also 
picked to handle NS Savannah’s spent fuel elements 
from pierside to reprocessing plant. M&CN is to pro- 
vide “personnel and knowhow to monitor loading and 
unloading operations” in addition to furnishing and — 
ating fuel transportation equipment, taking over ship- 
ments of spent fuel from the service barge at pierside. 


NDA WINS MILITARY COMPACT REACTOR JOB 


Nuclear Development Corp. of America has won out in 
a strongly-contested bidding competition over eleven 
rivals to be prime contractor for the Military Compact 
Reactor; General Motors will be subcontractor on the 
power conversion end. The AEC contract NDA and 
GM will get is for a one-year development and prelim- 
inary design study, not the expected final design and 
construction job; AEC is understood to feel the pro- 
gram’s scope would be more sharply focused after one 
more years work, before actual construction is under- 
taken. Earlier MCR studies had been limited to the 
reactor; the present study will be for a complete system. 
MCR is a compact, light-weight 2-3-Mwe power plant for 
a number of significant, classified military applications, 
including an overland tractor train, space vehicle use. 
Details are closely guarded on this project, only classified 
one at Army Reactors Branch—among other things be- 
cause many of the problems are so close to those of the 
Aircraft Nuclear Propulsion program. The described 
compactness and light weight, however, have led to 
speculation that it may be a lithium-cooled fast reactor. 
Contract value is $3—4-million. MCR is said to have 
essentially no civilian application for a long time to come. 
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WORLD NEWS 


Euratom to Operate Mol Center 





Belgium’s big nuclear research center at Mol will come 
partly under Euratom control under an agreement 
initialed last month. Euratom would operate for 20 
years BR-2, the high-flux test reactor designed by the 
Belgians and Nuclear Development Corp. of America. 
A similar provision anent BR-3, the 11.5-Mwe Westing- 
house pressurized water reactor, has not been finalized 
and may remain in abeyance. The agreement was seen 
in Belgium as a result of the government's drive to 
cut expenses because of the situation in the Belgian 
Congo. It was made conditional on amendment, by the 
Euratom Ministerial Council, of Annex V of the Eura- 
tom Treaty to permit Euratom to control more than one 
reactor. The six-nation pool is still negotiating to take 
over also the Dutch nuclear research center at Petten 
and the German at Karlsruhe, and is still awaiting 
ratification by the Italian Parliament of the agreement 
whereby Euratom would run Ispra. 


Special Status Sought for SENA, Givet Builder 


A new European utility grouping has added another set 
of initials to the atomic alphabet-soup. SENA—Société 
d'Energie Nucléaire Franco-Belge des Ardennes—was 
formally founded May 25 in Paris by Electricité de 
France and the Belgian group of utilities Centre et Sud, 
on an equal participation basis. SENA’s purpose is to 
build the Centrale Nucléaire des Ardennes, a 150-Mwe 
power plant at Chooz near Givet—on a tongue of 
French territory extending into Belgium. Bids to build 
the plant by Atomics International, Babcock & Wilcox, 
General Electric and Westinghouse are still under con- 
sideration. Even before SENA became officially a 
reality, the Euratom Commission asked its Ministerial 
Council to grant the new group the special treatment as 
a “common enterprise” provided for in the Euratom 
Treaty (Articles 45-51 and Annex III). Such treat- 
ment would confer on SENA a number of advantages 
including tax-free and customs-free status—enough, 
Euratom said, to reduce power production costs 10-15%, 
although not enough to make the reactor competitive. 





France Starts Reactor, Drops Another 





Construction has begun on a French land-based proto- 
type submarine reactor, at the new reactor testing site 
at Cadarache near Marseille. The long-planned project 
is a joint undertaking of the Defense Ministry and the 
Commissariat 4 Energie Atomique; a naval group under 
direction of a Navy engineering officer has to set up 
within CEA. The reactor will be fueled with enriched 
uranium supplied by the U. S. However there is no de- 
cision as to disposition of the partially-completed hull 
of Q-244 at Cherbourg arsenal: its projected natural- 
uranium gas-cooled reactor has now long been aban- 
doned as impractical. . . . Last month France quietly 
dropped one of the four developmental projects under- 
taken in July 1958 (NU, Aug. 58, 19). Brenda was to 
have been a reactor to study gas coolants at 1300° F— 
a 12-17-Mwth unit fueled with enriched uranium and 
moderated and reflected with beryllium oxide. Brenda 
was to have been built at Cadarache. No reason was 
given for dropping it. 


IAEA, Euratom Reaffirm Demand for A-Power 


“The need for atomic power remains as great as ever,” 
the International Atomic Energy Agency’s annual report 
to the U. N. Economic and Social Council asserted. “If 
there has been some deferment of short-term expecta- 
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tions, it is probably because earlier appraisals under- 
estimated the seriousness of the technological problems 
and were unduly influenced by transient economic and 
political factors.” . . . Simultaneously, Euratom’s Presi- 
dent Etienne Hirsch was calling for a target of 40- 
million kwe by 1980 in spite of Europe’s new sources of 
fossil fuel. Hirsch told the Parliament of the six-nation 
European Community in Strasbourg that the primary 
energy requirements of the six Euratom nations would 
rise from 460- to 800-million metric tons of coal pee" 
lent between 1960 and 1980, and that reserves of coal 
and oil now known could not meet such a demand. 


Sweden’s R-2 Critical 


One of the world’s most powerful research reactors went 
critical in May at Studsvik, site of Sweden’s nuclear 
research center. R-2, a 30-Mw_ pool-in-a-tank light- 
water-moderated and -cooled reactor, will produce 2 X 
10” flux for simultaneous irradiation programs in physics, 
chemistry and metallurgy. 





No Distributor Yet for Latina Current 





Italy’s Latina reactor, being built by Britain’s Nuclear 
Power Group, has no setup for distribution of the cur- 
rent it will make. Plans are that when the 150-Mwe 
Calder-type reactor being built for SIMEA reaches its 


“dress rehearsal” period, the 75% of SIMEA owned 
(through Agip Nucleare) by ENI (Italy's national 
energy trust) will be turned over to Finelettrica, the 
power-utility subsidiary of IRI (the national industrial- 
development trust) which owns the other 25%; and at 
that time a distributing setup will be established. It is 
not yet clear, however, whether the power-distributing 
subsidiary will be single or a collection of cooperating 
companies. Finelettrica’s present power network south 
of Rome may be used to distribute the power from 
Latina. Meanwhile construction is progressing (see 
photo). 


Japan Starts Construction of Calder-type Plant 





Japco—the Japan Atomic Power Co.—began founda- 
tion work last month on its 166-Mwe reactor, to be 
built for it by Britain’s General Electric Co.; construction 
finally started after three years of studies, negotiations 
and preparations. The 57-acre site at Tokai had 
already been raised to 8 ft above sea level. Founda- 
tions for the $100-million reactor are to be completed 
by mid-November. 
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NEWS 


Interior Dept. Attacks ACRS, Drops Pt. Loma 

AEC’s Advisory Committee on Reactor Safeguards, 
which up to now has been virtually immune from public 
criticism, was attacked sharply last month by an official 
of the Interior dept. Former Midwestern Congressman 
A. L. Miller, chief of Interior's Saline Water Office, 
accused ACRS of advising against Pt. Loma, Calif., as 
a site for the saline-water conversion reactor on in- 
sufficient grounds. ACRS had suggested to AEC that 
the temperature inversion problem at that site and high 
population density were two good reasons for ruling out 
Pt. Loma (NU, Apr. ’60, 30). Miller contended, how- 
ever, that these were not valid reasons and that “if you 
can’t go out there [Pt. Loma] with nuclear power plants 
you can’t go any place.” Moreover, he said, three AEC 
Commissioners said they agreed with him “100%.” He 
warned that the ACRS attitude toward reactor safety 
was a threat to the entire power-reactor industry. “You 
can’t let a committee that is a creature of Congress and 
that doesn’t report to Congress make decisions of this 
type,” he declared. 

Miller’s blast came as the Interior dept. announced it 
was dropping its plans to build a nuclear plant at Pt. 
Loma but, instead, would build a conversion system 
using natural gas. Miller said he would like to use a 
reactor in a proposed conversion plant at Roswell, N. M., 
when funds for this plant are appropriated. 


Radiation Standards: Big Month in Washington 

Two weeks of hearings on federal radiation protection 
standards completed last month by the Special Radiation 
Subcommittee of the Joint Committee on Atomic Energy 
—though oe no new scientific information—re- 
vealed some real differences among major U. S. scientists 
in setting radiation standards. 

Sen. Clinton P. Anderson (D-N. M.) and Rep. Chet 
Holifield (D-N. M.) also made it clear they are unhappy 
about some aspects of the Federal Radiation Council, 
which issued new protection guides for all federal agen- 
cies in May. It.was pointed out that, although FRC’s 
guides bind all agencies regulating the nuclear activities 
of industry, the Council itself was not subject to the 
Administrative Procedures Act. Consequently, neither 
the public nor industry is allowed a voice in FRC’s de- 
cision-making—nor can they appeal FRC actions. 

It was also contended that FRC is not set up to con- 
sider adequately all of the effects of its safety criteria; 
JCAE would like to see industrialists, economists, social 
and political scientists and representatives of public and 
labor groups added either to the Council or its working 
groups. FRC Chairman Arthur S. Flemming, secretary 
of Health, Education and Welfare, agreed that social 
scientists should take part in FRC considerations but 
doubted that FRC could fulfill its basic advisory function 
to the President if it were subject to the Administrative 
Procedures Act. 

FRC’s New Guides. The FRC safety guides follow 
those of the National Committee on Radiation Protection 
and the International Commission on Radiological Pro- 
tection. A new term, “radiation protection guide,” was 
adopted in an attempt to formulate nomenclature which 
would remove the connotation of a threshold—and was 
presented by FRC in terms of the need for balancing 
risks against benefits in specific applications. 


AEC Considering New Cross-Communication System 

A new system for locating people working in a given 
area of research is under consideration by AEC. The 
system, CATE, has been under test for a year by the 
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Air Force; CATE stands for Current ARDC (Army Re- 
search and Development Command) Technical Efforts. 
Described to many of the AEC staff at a meeting last 
month, the system works this way: those at work on a 
particular research project fill out simple punch cards 
defining the project in no more than six key words (a 
special dictionary is used). These cards are fed into a 
system which is then capable of feeding back, on re- 
quest, the names of those working in specific areas. 


U. S. Foreign-Reactor Aid Program Expires 

AEC and State dept. officials said last month that the 
research-reactor grants-in-aid program—for friendly 
foreign countries—would not be extended beyond the 
June 30 expiration date. As many as eight applications 
expected to be pending at the deadline, however, will 
be processed for possible $350,000 grants, they said. 
As of the end of May nineteen U. S. reactors had been 
purchased with the help of these grants. Once all pre- 
June 30 applications have been processed, applications 
for research-reactor aid will be accepted under the U. S. 
general foreign-aid program but they will have to com- 
pete with the myriad nonnuclear projects constantly 
being considered under the foreign-aid program. 


Nuclear People: New Commissioner, NAM Task Force 
The Senate last month confirmed Loren K. Olson to 
succeed John F. Floberg as a member of the Atomic 
Energy Commission. Olson’s term expires June 30, 
1962. Floberg reports to Firestone Tire & Rubber as 
general counsel. . . . Meanwhile, William Chamberlain 
of AMF Atomics, who had been asked to join a task 
force on government competition of the National Assn. 
of Manufacturers (NU, June ’60, 19), said he could not 
serve, was replaced by D. H. Loughridge, General Motors. 


Direct Conversion Study Completed by Brookhaven 
Brookhaven National Laboratory has completed a study 
for AEC on direct conversion—its status and potential 
for civilian power stations. It covers four major ap- 
proaches: thermoelectric, thermionic, magnetohydro- 
dynamic and fuel cells. Brookhaven’s general conclu- 
sion is that it is not now possible to state clearly the 
potential of direct conversion in nuclear power. How- 
ever, based on predictions of an expanding nuclear busi- 
ness over the next decade, it is felt that direct-conver- 
sion may find widespread use. 


West Coast Firm Attacks AEC Waste-Disposal Policy 
The Isotopes Specialties div., Nuclear Corp. of America, 
filed a strong protest against AEC’s method of designat- 
ing Oak Ridge National Laboratory and National Re- 
actor Testing Station, Idaho, as interim land burial sites 
for low-level radioactive wastes. In a letter to AEC 
Chairman John McCone, the Division’s general manager, 
Kenneth W. Newman, said he was not opposed to hav- 
ing the land-burial sites but rather to the fact that AEC 
was not providing for shipment of wastes via the waste- 
disposal firms presently handling ocean disposal. He 
claimed that such firms had played a major role in the 
proper packaging of wastes for shipment to disposal 
sites by AEC licensees and that these licensees would 
now be free to ship wastes to inland sites without this 
type of supervision. He told nucteonics: “AEC [here- 
tofore] has required disposal companies to run tests [at 
licensee’s facilities] before waste is shipped. The new 
ruling removes many of the precautions that have been 
set up for expert disposal firms. The move was a 
definite result of political pressure [to halt sea disposal].” 
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RADIATION NEWS 


Coast Guard to Test Isotopic Power for Navigation 

The U. S. Coast Guard has asked AEC’s Aircraft Re- 
actors Branch to supply two isotopic-power devices for 
experimentation with USCG’s navigational-aid equip- 
ment (buoys, etc.). ARB expects to order the devices 
on an 18-month delivery schedule. Buoys are now 
powered by batteries and have to be tended far more 
often than if they utilized such long-lived isotopes as 
strontium-90 or cesium-137. ARB is managing the 
procurement under its SNAP program (systems for nu- 
clear auxiliary power). 


Varian Gets QMC Go-Ahead on Food Linac 

The Army Quartermaster Corps has instructed Varian 
Associates to proceed with completion of a huge elec- 
tron accelerator ordered more than two years ago for the 
food-irradiation program. Work on the machine had 
been halted at 80% of completion when the Army re- 
viewed the food program last year. Varian will com- 
plete the machine at 24-Mev and 18 kw for installation 
in the proposed food irradiation research center (site has 
yet to be selected). 


Accelerators for Ion Propulsion Sold by 3 Firms 
Goodrich-High Voltage Astronautics (subsidiary of B. F. 
Goodrich and High Voltage Engineering) has been 
given two ion-propulsion contracts by the Air Force's 
Wright Air Development Center: one for development 
and fabrication of a demonstration advanced engine 
using an arc-type ion source; the other for a design study 
leading to construction of an electrostatic generator for 
providing electricity to the ion engine. Prime energy 
for such sources, the company indicated, would likely 
come from nuclear reactors. . . . Applied Radiation 
Corp. has sold two Cockcroft-Walton machines to the 
National Aeronautics and Space Administration for de- 
livery to Moffatt Field, Calif. They are for experimenta- 
tion in ion propulsion. . . . Radiation Dynamics, Inc. 
has sold a 3-Mev, 10 milliamp Dynamitron, capable of 
producing positive ions and electrons, to Convair div., 
General Atomics, San Diego. (RDI also sold a 1.5 
Mev, 15-kw electron accelerator to a aay firm for 
pilot-plant production of synthetic textiles, its fourth sale 
in two months.) 


British Firms Plan 3 Big Cobalt Irradiators 

Officials of the U. K. Atomic Energy Authority revealed 
last month that three 150,000-curie cobalt-60 irradiators 
are expected to be in commercial operation within 18 
months. They would be built and operated by pharma- 
ceutical and surgical-equipment concerns for sterilization 
of throw-away plastic hypodermic syringes, sutures, 
plastics catheters, etc. The plants will be patterned after 
the Wantage pilot irradiator, which has just gone into 
operation and in which 80% of capacity over the next 
year has already been allocated to the firms planning to 
build their own facilities. 

The AEA will make cobalt available to the commer- 
cial plants at 70 cents/curie, NuUCLEONICcs learned, with 
specific activity of 1-5 curies/gm. The plants will be 
designed for 24-hr operation, 6 days/wk, delivering 2.5 
megarads to as much as 2.5 tons product/day. Pack- 
ages will be about the 1-cubic-ft size of Wantage’s pack- 
ages at an irradiation cost of about $1.50/package. 
Estimated construction cost of the plants is $150- 
180,000 each. 
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Meanwhile, U. K. authorities disclosed that they are 
cooling off to the possibility of building a cesium- 
separation plant. Design contracts for a plant of one- 
million-curie capacity were let nearly two years ago. 
But, in view of the availability of cobalt-60 used as a 
flux flattener in the U. K.’s power-reactor program, re- 
covery of cesium is not now considered justifiable. 


Nuclear-Chicago and Tracerlab Settle Geiger Dispute 
The three-year-old dispute between Nuclear-Chicago 
and Tracerlab over Geiger-Mueller counting gases has 
been settled out of court. A Chicago Federal Court is- 
sued a consent decree after the settlement which said, 
among other things: “The defendant Tracerlab has in- 
fringed claims . . . of the patent [owned by Paul B. 
Weisz and licensed to N-C] by making, using and sell- 
ing gas mixtures. . . . Tracerlab [is] hereby enjoined 
and restrained from making, using or selling, without 
license, any gas mixture for Geiger-Mueller tubes de- 
scribed in any claim of U. S. Patent 2,519,684 of Paul 
B. Weisz. . . . No damages for past infringement shall 
be awarded, defendant having paid, and plaintiff having 
accepted, a sum in settlement of all damages herein re- 
coverable.” Neither party would disclose the settlement 
sum. 


Forum Again Seeks Nuclear Instrument Role 

The Atomic Industrial Forum called a special meeting 
for June 29 to explore with radiation-instrument firms 
the possibility of expanding the Forum’s role in the in- 
dustry’s problems. Key industry executives behind the 
meeting are Davis R. Dewey, president of Baird-Atomic; 
Ernest Wakefield, president of Radiation Counter Labora- 
tories; and Nicholas Anton, chairman of Anton-Imco 
Electronics. Wakefield feels strongly that the Forum 
could meet the industry’s needs for a trade-association 
type of organization (NU, May ’60, 23). 


Ameray Corp. Low Bidder on Walter Reed Irradiator 

A New Jersey firm, Ameray Corp., Kenvil, was low 
bidder last month to supply a cobalt-60 irradiator to 
Walter Reed Medical Center for experimental irradiation 
of mice and guinea pigs. Ameray’s bid was $13,000, 
including cobalt. Second was Atomic Energy of 
Canada, Ltd., winner in April to supply a test-tube irra- 
diator to WRMC (NU, June 60, 28). AECL’s bid was 
$19,000 for the mouse irradiator. All told 12 firms 
tendered bids, the highest ten times Ameray’s bid, or 
$130,000. WRMC said it would make a selection from 
the low bidders by the end of June and go out on bid 
shortly thereafter for a larger cobalt irradiator for dogs. 


Martin Building Lab to Develop Curium-242 for AEC 

Completion was expected by end-June of a Martin Co. 
processing facility for development of curium-242 as a 
fuel for isotopic power sources. Working under a con- 
tract from AEC’s Aircraft Reactors Branch, Martin will 
develop techniques for encapsulating americium-241 in 
aluminum. The capsules will be shipped to the Mater- 
ials Testing Reactor, Idaho, for conversion to curium- 
242 by irradiation for about three months. Curium is 
attractive for isotopic power because of high-power den- 
sity, potentially low cost as compared with polonium-210 
and capability for fabrication in fuel forms which meet 
the requirements of thermionic direct-conversion devices. 
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Forum Publishes 1954—58 NUCLEONICS Statistics of the Quarter 
Statistics on A-Industry 


A monumental yet naggingly frus- Costs of U. S. Civilian Reactors in Progress ($10°)' 
trating report was issued last month Total Cost Costs,"60 Costs thru _— Still to 
p Bee Bemis bevy Reger sole of Projects Istquarter 3/31/60 be spent 
Among its salient findings: $660-mil- 
lion worth of nuclear products and 
services are estimated to have been 
delivered by U. S. industry in 1958, 
$1.5-billion in the five-year period —Plant, equip't., fuel fabrication: 
1964-56. AEC spent lees than 10% -—. 143,725 9,688 ~=— 37,758 ~—-:105,967 
of _ its _ research-and-development Electric utilities 440,431 25,362 193,405 247,026 
funds for work done in industry facili- 
ties; companies outdid AEC in sup- Savannah propulsion plant 29,000 1,096 15,966 13,034 
porting such work. In 1954-58, Research & test reactors 116,245 5,896 65,442 50,803 
$465-—million private capital was in- AEC 73,839 4,367 35,036 38,803 
vested in facilities. Other govt. agencies 14,649 215 12,383 2,266 

Owing almost entirely to the ob- Manufacturers & universities 27,757. ‘1,314 18,023 9,734 
stacles, complications and _ pitfalls 
peculiar to the industry, the report— 
as has been said of statistics generally 
—is like a bikini swimsuit: what it Latest Month Year 
reveals is interesting, what it doesn’t month ago ago 
show is vital. Some of the problems Nuclear Contracts *— 


for readers: 3 . 
. Contracts awarded for public projects ($10*) 1,862 6,360 129,265 
®@ Th . 
e Forum decided to focus on Proposed construction, privately-owned ($10*) 0 0 0 


commercial activities, and exclude 
> * 3 
government facilities. Thus, left out Contracts awarded, private work ($10*) 1,305 © ° 








Power prototypes & experiments 783,402 44,267 339,751 443,651 
—Research & development: 
AEC 137,497 7,614 69,152 68,345 
Electric utilities 61,749 1,603 39,436 22,313 

















are not only naval, aircraft and rocket Backlog of private projects ($10') 287,549 287,549 285,549 





propulsion work, Oak Ridge, Fernald, 
Hanford and Savannah River, and Isotope Use t— 
work carried on in national labs, but 
even Shippingport, the Sodium Re- 
actor Experiment, the Idaho reactors. 
This would make for consistency (if 
also incompleteness)—but producers 
of nuclear materials, leaden. 
tors on instruments, etc., often are un- = 

aware of the end-use of their product. ger nah 6,767 6,670 6,676 


@ The Forum solicited data from 
1,121 companies and institutions. Construction and design contractor's employment 9,915 9,176 7,490 


477 (42%) replied—but of these, Total operating constractors employment 103,855 104,143 104,434 
34% (161 firms) reported they were Production workers 51,087 51,078 51,761 
not in the nuclear field. Research and development employees 48,144 48,396 47,254 
@In general, the incomplete re- Miscellaneous workers 4,624 4,669 5,419 
sponse by companies to the Forum 
uestionnaire makes it difficult to tell “ 
aha the numbers mean. The Forum U. S.-built Reactors $— ae 
made some projections to get esti- Operating Building Contracted 
mated industry-wide totals, which are Power, domestic 2 10 5 
useful, even though not firm. Power, for export 0 5 1 
Other criticisms could be made: the Power experiments and pilot plants 6 6 2 
numbers are old, going only through Military and naval 21 4l 8 
1958 (the Forum plans to compile Research and test, domestic 68 19 52 
1959 figures shortly); the tables are 
excellent compendia but difficult to 
“ig But the criticism should 
eveled not at the Forum, which ° . 
has made a fine start on a badly- Foreign-built Reactors $— 
needed but exceedingly difficult job— Power, domestic 12 
but rather at the companies that Power, for export | 
failed to furnish data. It is much to Research and test, domestic 13 
be hoped that the Forum’s second Research and test, for export 6 1 


volume will be truly industry-wide. Total 27 


Applications for isotope use 721 668 
Cumulative total of isotope users 5,680 5,617 
ORNL shipments (curies) 19,976 10,783 
Public and private export shipments 836 463 








Research and test, for export 19 20 4 
Total 72 


* “Business Statistics on the Atomic Industry 
1954-1958,”" Atomic Industrial Forum, New 
York, $3.50. * From Construction Daily, a McGraw-Hill periodical ¢ From AEC { nucizonios figures 
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GM or Scintillation Reversible Card 





100 KC or 1 MC Decade Scaler 





Now From RCL 


Selector Card 
Pos. or Neg. Polarity Selector Card 





Preset Count Integer Selector 





Direct Reading Heliodial on 500-3000V 
Transistorized Power Supply 





Preset Time Selector 





TRANSISTORIZED BUILDING-BLOCK NUCLEAR INSTRUMENTS 
Linear Amplifier... Scaler... Timer...High Voltage Power Supply 


ALL IN ONE COMPACT CABINET 


FIRST IN A SERIES* 

These four instruments are the first in a line of transistorized 
building-block nuclear instruments from RCL. Each instrument 
features transistorized reliability; modular construction; built- 
in electronic gating circuits; and plug-in etched circuit boards. 
Individual modules may be interchanged or combined to pro- 
vide many basic functions and combinations. In addition, 
etched circuit boards may be substituted within individual 
modules to produce extreme flexibility and versatility of 
application. 


The modules and etched circuit boards pictured above can be 
combined to form an extremely sophisticated scaler or, if 
desired, more modest (and less costly) but highly useful ones. 
All scalers feature an in-line Nixie count display, in-line time 
register display and direct reading dials for continuously variable 
preset count functions. 


MODULES ARE AVAILABLE INDIVIDUALLY 
OR IN COMBINATIONS 

Linear Amplifier can withstand input pulses up to 100 times 
greater than those required for full output, with fast recovery 
and without double-pulsing. Full scale output is 25 volts. A 
stabilized gain of 1000 with a 100 ohm input attenuator provides 
input factors of 1, Y%, “4, Ye, and Ys. A potentiometer affords 
fine gain variation between these fixed factors. 


Positive or Negative High Voltage Power Supply is 
continuously variable in a single range from 500 to 3000 volts. 


It is controlled by a three-turn Helipot which is accurate to 
* 0.5 per cent with an adjustment precision of « 2 voits. For a 
* 10 per cent line voltage change, high voltage output varies less 
than 0.02 per cent, and a change from no-load to full-load pro- 
duces less than 0.1 per cent variation. Output is read in kilo- 
volts on the Helipot and also is indicated on a panel meter. 
The Power Supply may be used with scintillation, proportional 
and Geiger-Mueller detectors. 


Scaler and Timer operate as a unit in this instrument. The 
Scaler is available with either one MC or 100 KC input. A re- 
versible printed circuit board can accept amplifier output or 
direct GM input. Up to 99,999,999 counts can be displayed on a 
horizontal line of Nixies. The Scaler has five switch-selected 
modes of operation: Preset Count (Any count from 100 to 
99,999,900 in steps of 100); Preset Time (Any time from 0.01 
minute to 999.99 minutes); Manual; Count Only (Timer is 
inoperative.); and Test (line frequency). 


SEND FOR ADDITIONAL INFORMATION 
AND RCL COUNTER 
For complete information on this new line of transistorized 
building-block nuclear instruments, and a copy of the current 
issue of our publication, THE RCL COUNTER, which helps 
you keep abreast of new developments in the nuclear instru- 
ment field, please send your name and address on organization 
letterhead to RCL, Dept. 140. 
*Available Soon: Transistorized Rate Meters and 
Transistorized Single Channel Analyzers 


A RADIATION COUNTER LABORATORIES, INC. 


5121 West Grove « 
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SAINT-GOBAIN 


A THREE CENTURY-OLD INDUSTRIAL CONCERN 


A glass making and chemical producing Company now specializes in nu- 


clear research and engineering with team of highly qualified scientists. 


Prospecting for uranium ore 


Production of metallic uranium 
Through the S.E.T.U. (Société d’Etudes et de Travaux pour |’Uranium) con- 
struction at Narbonne, on behalf of the French Atomic Energy Commission, of a 
plant producing 1000 tons/year of uranium of nuclear purity. 
This plant is operated by the $.R.U. (Société pour le Raffinage de |’Uranium). 


Atomic fuel 
Design and manufacture of fuel elements by the C.E.R.C.A. (a Daughter-Society 
of SAINT-GOBAIN and three other companies including SYLCOR). 
Handling and mechanical treatment of irradiated fuel elements 


Design and construction of storage plant and mechanical decanning plant for 
irradiated fuel. 

Construction for the C.E.A. of a plant for the mechanical decladding of the 
elements irradiated in the 3 reactors of Marcoule. 


Chemical treatment of irradiated fuel 
Reprocessing and metallurgy 
Extraction of fission products 
Hot-cells and their equipment 
(mechanical and magnetic manipulators—periscopes electronic microscopes, 
a 
Services Nucléaires SAINT-GOBAIN 
23, Boulevard Georges Clemenceau 


COURBEVOIE (Seine) FRANCE 


a 


a 


ty “uc TZ dW ddd 


— Caeeney a 


— 
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MARCOULE FRANCE: Reprocessing Plant designed, built and set into operation by the SAINT-GOBAIN Company 
for the French Atomic Energy,Commission. 
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Reactor core — 
High Temperature 
Gas-Cooled Reactor 


HTGR / Prototype Plant 


To Be Completed by 1963 


An important short cut to economic nuclear power is 
the promise of the High Temperature Gas-cooled 
Reactor (HTGR), now being developed and designed 
by Genera! Dynamics Corporation's General Atomic 
Division at San Diego, California. 


The advanced-concept HTGR system, with its unique 
graphite and carbide fuel, embodies such design 
characteristics as (1) modern steam conditions of 
1000° F and 1450 psi; (2) helium outlet temperature 
of 1380° F; (3) burnup of the UTHC fuel in the 
50,000-100,000 MWD/ton range; and (4) over-all 
system efficiency of 35%. The prototype HTGR 

plant will be completed in 1963 for Philadelphia 
Electric Company and 52 other utility companies 
comprising the High Temperature Reactor 
Development Associates, Inc. 


Positions in Reactor Design 


Rapid expansion of the HTGR and other major 
programs at General Atomic has created openings, 
including senior positions, in the design and develop- 
ment of reactor and nuclear steam system equipment. 
Immediate openings exist for men qualified to perform 
reactor core design and thermal analyses... 

reactor design neutronic calculations . . . analyses 

of reactor and system controls . . . evaluation of 
economics associated with reactor core design... 
operation and analysis of critical experiments . . . 
design of helium circulators, heat exchangers and 
mechanisms, such as control drives and fuel 

charging systems. 


Inquiries are also invited from qualified physicists, 
metallurgists, chemical and electrical engineers, and 
mathematicians-programmers. For further information 
on openings write: Manager of Personnel, General 
Atomic, P.O. Box 608, Dept. 18, San Diego 12, California. 


GENERAL DYNAMICS 
GENERAL ATOMIC DIVISION 
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IDEAL FOR NO-CONTACT, CONTINUOUS 
TEMPERATURE MEASUREMENTS ON 


Rubber 

Synthetic rubber 

Tile 

Roofing shingles 

Adhesives 

Blackened or 
unpolished 
aluminum 

Textiles, synthetic 
and natural fibres 

Paper 


Plastics 

Carpeting 

Mineral aggregates 

Chemical flows 

Petroleum flows 

Beverage flows 

Reactor kettles 

Mill rolls 

Furnace or oven 
charges or exteriors 

Foundry molds 


...and many other substances; web processes 
or products; conveyed, rolled or extruded 
products; and stationary objects. 


new BRISTOL low-range radiation pyrometer 


0-200° F and other ranges to 1100° F - Direct reading charts, scales 
in F or C- Calibrated interchangeable head units - Automatic built-in 
ambient compensation: Easy emissivity compensation 


Here’s the first radiation pyrometer that really gets down to 0° F. 

It’s the Bristol Velotron Pyrometer System—so sensitive you can sight 
the radiation unit (at lower left above) on your hand and get an accurate 
temperature indication. 

And on the high end, spans and ranges are available up to 1100°F or 
corresponding ranges in degrees Centigrade. 

Charts and scales are direct reading, in degrees F or C, even on the low- 
est ranges. No laborious calibration runs, calculations; no curve consult- 
ing needed! And you get famous Bristol Dynamaster* Recorder accuracy 
—proven in thousands of installations. 

Ambient temperature compensation is automatic, completely contained 
in recorder unit (no third unit needed), and allows use in ambients up 
to 135° F. 

A simple knob adjustment allows compensation for emissivity charac- 
teristics of target material from black body on down. 

Interconnection cables are standard copper wire; no special, pre- 
selected lengths required. 

Write for complete technical data on this outstanding new Bristol con- 
tribution to industrial pyrometry. The Bristol Company, 147 Bristol Road, 


Waterbury, Conn. 9.31 
" *T. M. Reg. U.S. Pat. Off 


Ee R i Ss i oO L .... improved production through measurement and control 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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In your health and safety program.. 


tft 


THROUGH BIO-ASSAY 


Economical, precise, rapid analyses, to detect 
radiation exposure of personnel ...are per- 
formed in an area specifically designed for 
low level assays... by the NucLEearR Assay 
Division of Biochemical Procedures. 


OBJECTIVE INDEPENDENT SURVEYS 
PERFORMED BY AN 
ESTABLISHED LABORATORY 


Biochemical Procedures has been performing 
specialized assays for many years for medi- 
cal institutions, hospitals, and laboratories 


throughout North America. Cognizant of 
the need for routine programs for checking 
accidental! ingestion or inhalation of radio- 
active materials by employees, it now brings 
its scientific knowledge to the Nuclear 
industry. 


WIDE RANGE OF MEDIA ANALYZED 


Materials of almost any origin may be ana- 
lyzed by the Nuclear Assay Division: filter 
media, soil samples, water, urine, feces, spu- 
tum, breath, nose wipes, blood, swipes from 
suspected contaminated areas, etc. 


ES MAY BE FORWARDED BY MAIL. REPORTS ARE PHONED OR AIRMAILED., 
Write for full information and fees. 


“The Laboratory A Laboratories” 


IOCHEMICAL PROCEDURES 


NUCLEAR ASSAY DIVISION 


12020 CHANDLER BOULEVARD 
NORTH HOLLYWOOD, CALIFORNIA, U.S.A. 
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Mode! 50-1 
Automatic 
Spectrometer 





Mode! 34-8 
Multi-Channel 


Spectrometer 





Take any radiation counter or detector which gives 
an output pulse height proportional to the incident 
energies of alphas, betas, x-rays, gammas, protons, or 
slow or fast neutrons, and link it with an RIDL Radi- 
ation Spectrometer. With the spectrometer the en 
ergy spectrum can be quickly scanned and the sample 
energy determined. Manual, Automatic, or Portable; 
Single Channel or Multi-Channel; RIDL Radiation Spec- 
trometers are precision instruments applicable to a 
wide variety of tasks. 


RIDL Radiation Spectrometers have long been useful 
in identifying isotopes by their radiation energies. 


Model 50-9 
X-Ray 
Spectrometer 





Model 50-8 
Portable 
Spectrometer 











Mode! 50-5 
Manual 
Spectrometer 





They may be used also for measuring the energies 
of protons or neutrons through the use of the appro- 
priate detecting elements. Increasing industrial appli- 
cations include their use in the design and testing of 
photomultiplier tubes and the testing of scintillation 
crystals. 


RIDL offers a fine line of Radiation Spectrometers to 
suppliment its complete line of multi-channel pulse 
height analyzers. All of these units are standard pro- 
duction items. Whatever your spectrometer needs 
specify RIDL Radiation Spectrometers. 


GENERAL CATALOG-the NEW RIDL General 
Catalog 61 is now available on request from 
Radiation Instrument Development Laboratory, 
Inc., 61 East North Avenue, Northlake, Illinois 


‘adiation J, Devel oh y 
Koa tation ~ nstrument euc opment a voratory, ~SANC 
ae 61 EAST NORTH AVENUE * NORTHLAKE, ILLINOIS 
PHONE: MUrray 1-2323 * Cable Address: RADILAB 
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The experienced and complete 


shielding guidance you need: 


FEDERATED LEAD 
FOR RADIATION PROTECTION 


Federated can 


handle, or transport 


signed Interlocking 


+ 


to 10 ton casks 


Lead Bricks 


elp you design structures or devices to house, 


radioactive materials. Federated has de 


and other unique lead protec- 
tive products. They include convenient lead containers, one pound 
and larger to your precise specifications. Also 


available are cast, rolled, and extruded lead sheets, plates, and 


piping. Asar 


+ 


nformation and shieldin 


Division, Ameri 


25 


co's Central Research Laboratory offers a wealth of 
guidance. Write or call Federated Metals 
an Smeiting and Refining Company, 120 Broad- 


way, New York 5, REctor 2-9500, or cal! your nearest Federated 


sales office 


Where to call for information: 


ALTON 
Alton: H 


St. | 


BALTIMORE, MARYLAND 


Orlea 


BIRMINGHAM, ALA 
Fairfax 18 
BOSTON 16, MASS 
Liberty 2-079 
CHICAGO, ILI 
Chicago: Essex 5-5 
Whiting: Whiting 826 


WHITING 


CINCINNATI, OHIO 
Cherry 1-1678 
CLEVELAND, OHIO 
Prospect 1-2175 
DALLAS, TEXAS 
Adams 5-5034 
DETROIT 2, MICHIGAN 
Trinity 1-5040 

EL PASO, TEXAS 
Asarco Mercantile Co.) 
3-1852 

HOUSTON 29, TEXAS 
Orchard 4-7611 


Patent Pending 


LOS ANGELES 23, CALIF 
Angelus 8-4291 
MILWAUKEE 10, WIS 
Hilltop 5-7430 
MINNEAPOLIS, MINN 
Tuxedo 1-4109 

NEWARK, NEW JERSEY 
Newark: Mitchell 3-0500 
New York: Digby 4-9460 
PHILADELPHIA 3, PENNA 
Locust 7-5129 
PITTSBURGH 24, PENNA 
Museum 2-2410 


ONILISBWS NYVOIBAWY 


INV 


ONINIASY C 


ANYAGWOD 


FEDERATED METALS DIVISION 


PORTLAND 9, OREGON 
Capitol 7-1404 


ROCHESTER 4, NEW YORK 
Locust 5250 

ST. LOUIS, MISSOURI 
Jackson 4-4040 

SALT LAKE CITY 1, UTAH 
Empire 4-3601 

SAN FRANCISCO 24, CALIF 
Atwater 2-3340 


SEATTLE 4, WASHINGTON 
Main 3-7160 


WHITING, IND. (CHICAGO) 
Whiting: Whiting 826 
Chicago: Essex 5-5000 


IN CANADA: Federated 
Metals Canada, Ltd 
Toronto, Ont., 1110 
Birchmount Rd., 
Scarborough, Phone 
Plymouth 73246 


Montreal, P.Q., 1400 
Norman St., Lachine 
Phone: Melrose 7.3591 





Education... 


Our Greatest 
Tool” 


OSCAR G. MAYER 
Chairman, Oscar Mayer & Co. 


“During the last twenty years we have had dramatic evidence of what massive 
research can accomplish. Every thinking American today is acutely aware 
that our future welfare depends upon this vital activity. 

“But sound higher education is the prerequisite of good research; it is vitally 
important that our higher education be constantly improved, beginning with 
our secondary schools. Higher education is the only means with which we can 
mine our most valuable natural resource: the creativity of the human mind in 
all fields, social and cultural as well as scientific. 

“By supporting the college of your choice in its efforts to provide the best 
possible faculty and physical facilities, you are investing in the one tool with 
which to shape favorably the future of America.” 


If you want more information on the problems faced by higher education, write to: 


Council for Financial Aid to Education, Inc., 6 E. 45th Street, New York 17, N. Y. 





J / 
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Council for Financial Aid to Education 
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ALCO Reycenee 





Hairpin purification-system exchangers are made spot- 
lessly clean inside by ALCO surge-flushing techniques. 


THE NEW SURGE OF CLEANLINESS 


Nuclear purification-system heat exchangers have to be 
spotlessly clean inside, where any foreign particles 
would become hazardously “hot.” ALCO Products, Inc. 
has provided an answer to the problem by fabricating 
these exchangers in a “clean room,” and then expurging 
them with a surging stream of detergent, demineral- 
d water and filtered air. This unique operation—car- 
d out while the exchanger is being rotated and 
flushes all but a trace of microscopic particles, 

© small and few to have any dangerous effects. 
Besides cleanliness, manufacturing quality of these 
nits is highly important. ALCO has built them 
steel and Monel. In each case, unique fabri- 


cation and welding problems were solved to insure the 
units’ integrity. 

ALCO is the country’s leading builder of purification- 
system exchangers. In fact, its contributions to nuclear 
design and manufacture have kept it a leader in the 
entire nuclear-component field. Nine out of 10°’ major 
U. S. reactors—civilian, Naval and military—include 
ALCO components, from steam generators to controi- 
rod drives. 

If you seek solutions to nuclear-component problems, 
let ALCO prove its capability. Call your nearest ALCO 
sales office, or write: ALCO Products, Inc., Department 
143, Schenectady, N. Y. 


ALCO PRODUCTS, INC., New York - Sales Offices in Principal Cities - Makers of: Nuclear Reactors 


a nenta tives * Diesel Engines « Heat Exchangers - Springs - 


Steel Pipe « Forgings: Oil Field Equipment: Weldmenta 
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NOW... Reactor kinetics teaching moves forward 
with advanced L&N simulator 


Using advanced components and circuitry, the latest L&N Nuclear Reactor Simulator vividly demon- 
strates the dynamics of reactor kinetics. 

Two integrated analog computer circuits perform all calculations for this educational tool. One 
circuit simulates the time variations of neutron flux. The other adds reactivity feedback from average 
reactor temperature and poison concentration. With such flexible circuitry, a variety of studies can be 
made of neutron flux and reactor coolant systems dynamics—duplicating the operation of an actual reactor. 

Before planning your nuclear reactor training program, may we suggest that you contact our 
Nuclear Systems Group. Its members will be glad to supply more information on this flexible Simulator. 
Write Leeds & Northrup Co., 4936 Stenton Ave., Philadelphia 44, Pa. 


LEEDS NORTHRUP 
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STAINLESS 
(STRAIGHT FIN) 


STAINLESS 
(HOLLOW-WALL) 


Tubes like these have never been economi- 
cally available before. The entirely new 
process, known as FLO-ROL, will produce a 
wide variety of internal configurations, in 
high cost alloys, stainless steel, and other 
hard-to-work metals, plus many bi-metal and 
tri-metal combinations. Wall tolerances for 
FLO-ROL tubing can be held to + .0005” and 
diameters to + .002” depending on sizes. 
@ Internally Finned Tubes offer increased 
surface for more rapid heat transfer. 
@ Bi-Metal Tubes—stainless steel tubes with 
tantalum, zirconium, or other expensive 
material offer exceptional corrosion-resis- 


TAINLESS 
(FINNED COPPER INSERT) 


STAINLESS 
(SPIRAL FIN) 


tant qualities without the prohibitive cost. 
@ Hollow Wall Tubes or barrier tubes are 

available in several designs for nuclear 

work or other special applications where 

a chambered tube is essential or desirable. 
@ Thin Wall Tubes for pneumatic lines are 

available with .015” wall or lighter. 
FLO-ROL pescision tubular products can be 
furnished from 1” to 214” O.D. and, in some 
instances, in lengths up to 75’. For complete 
information contact your nearest Damascus 
representative or write direct. For prompt 
service send prints and specifications—we 
will be happy to work with you. 














TUSAMASCUS TUBE COMPANY 


STAINLESS STEEL TUBING AND PIPE 


— >--- 
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Send fornew 
FLO-ROL 
PRECISION TUBE 
BULLETIN TODAY 


GREENVILLE, PENNSYLVANIA 
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Li, LAND- Every major nuclear power station under construction in the United States 
will use Worthington equipment. Above, a Worthington engineer discusses the installa- 
tion of a 120,000 sq. ft. condenser in the Dresden Nuclear Power Station in Morris, 
IHlinois. Worthington successfully solved many unusual problems in the design of om 
condenser including the necessity of handling full output of dump steam. 














SEA~ai of the Navy’s 25 nuclear vessels in operation or under construction will 
ian, carry important items of Worthington equipment. This is the Ballistic-missile Submarine 
. George Washington. Three Worthington high-pressure, 4500 psi air compressors furnish 
ae pressurized gas to expel the IRBM’s from their tubes. These compressors will also be 
used for torpedo ejection, water ballast control, and to help operate escape hatches 
periscope, antennae and other mechanisms. 


AIR- Portable Nuclear Power Piants which can be flown to remote locations are a 
reality because of such technical achievements as Worthington’s aluminum tube 
condenser. Built for Aico Products, it will be a vital part of a nuciear plant installed in 
a tunnel located beneath the Arctic snow. The unit is 75% lighter than conventional 
condensers, It meets a 15-ton weight limitation for Air Force transportation 


LAND, SEA or AIR 


Worthington serves the nuclear industry 


You can benefit from Worthington’s experience in the nuclear field. Whether you are concerned 
with central station power plants, Navy and commercial ships, or packaged power plants, 
Worthington can help develop much of the primary and secondary cycle equipment you will need. 

Worthington solved many special problems in the design of condensers for both the Enrico 
Fermi and Dresden Nuclear Power Plants. Special high-pressure air compressors were built by 
Worthington for installation in ballistic-missile nuclear submarines. Worthington also made 
significant design contributions to the canned rotor pump for circulating primary collant in reactor 
systems. The N.S. Savannah will go to sea with Worthington buffer seal charging pumps, a note- 
worthy application and design. A Worthington turbine generator is being used in the Argonne Low 
Power Reactor, a prototype nuclear packaged power plant for use in remote areas. 

Your inquiries are invited. Please write to R. H. Davis, Manager, Marine and Nuclear Dept., 
Section 106-5, Harrison, New Jersey. 


WORTHINGTON 








WHAT HAPPENS 


WHEN 


A NATION 


SPENDS MORE 
ON GAMBLING 
THAN IT SPENDS FOR 
HIGHER EDUCATION ? 


If you can find any Romans avound, ask them. They lived 
pretty high on the hog in their day. That is, until some 
serious-minded neighbors from up North moved in. The 
rest is ancient history. 


You’d think their fate would have taught us a lesson. 


Yet today we Americans spend twenty billion dollars a 
year for legalized gambling, while we spend a niggardly 
four-and-a-half billion for higher education. Think of 
it! Over four times as much! We also spend six-and-a- 
half billion dollars a year for tobacco, nine billion dol- 
lars for alcoholic beverages, and billions more on other 
non-essentials. 


Can’t we read the handwriting on the wall ? 


Our very survival depends on the ability of our colleges 
and universities to continue to turn out thinking men 
and women. Yet today many of these fine institutions are 
hard put to make ends meet. Faculty salaries, generally, 
are so low that qualified teachers are leaving the campus 
in alarming numbers for better-paying jobs elsewhere. 


In the face of this frightening trend, experts estimate 
that by 1970 college applications will have doubled. 


If we are to keep our place among the leading nations of 
the world, we must do something about this grim situa- 
tion before it is too late. The tuition usually paid by a 
college student covers less than half the actual cost of 
his education. The balance must somehow be made up 
by the institution. To meet this deficit even the most 
heavily endowed colleges and universities have to de- 
pend upon the generosity of alumni and public spirited 
citizens. In other words, they depend upon you. 

For the sake of our country and our children, won’t you 
do your part? Support the college of your choice today. 
Help it to prepare to meet the challenge of tomorrow. The 
rewards will be greater than you think. 





It's important for you to know what the impending college crisis 
means to you. Write for a free booklet to HIGHER EDUCATION, 
Box 36, Times Square Station, New York 36, New York. 


HIGHER EDUCATION 


Sponsored as a public service 
in co-operation with The Council for Financial Aid to Education 


KEEP IT BRIGHT 
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1 Detector, 2 Baffle, 3 Spectrometer Coil, 4 Vacuum Chamber, 
5 Beta Radioactive Source, 6 Cooling Water Supply, 7 Dashed 
lines represent beta-ray trajectories in the instrument. 


BETABETA 
COINCIDENCE 6 evel enersies, their ordering, 
SPECTROMETER lifetime, quantum number 


assignments, and the mode 
and character of their radioactive decay are some of the raw ma- 
terials of our understanding of nuclear structure. A powerful new 
tool for the analysis of complex level schemes... the magnetic, iron 
free, double electron coincidence spectrometer . . . has been designed 
and built by Argonne scientists. The instrument provides exceptional 
transmission (~20%—2%) and good resolution (1—0.1%) in each 
of its independent units. These features, coupled with auxiliary 
gamma and alpha detectors, also enable Laboratory scientists to 
study timewise coincidences and angular correlations in electron- 
electron, electron-gamma and alpha-electron cascades. 


Staff positions are available both at the site near Chicago, Illinois 
and the site near Idaho Falls, Idaho for qualified physical metal- 
lurgists, chemical engineers, physicists, mechanical engineers, metal- 
lurgical engineers, chemists, electrical engineers, mathematicians, tech- 
nical writers. 


7YOnNE 


NATIONAL LABORATORY Direct inquiries to: 
Operated by the University of Chicago under a Louis A. Turner, Deputy Director 
tract with the United States Atomic Energy Commission 97CO South Cass Avenue—Z3 
Argonne, Illinois 





AT FERNALD PLANT OF 


NATIONAL LEAD COMPANY 


... FURTHER 
INDICATION 
OF STOKES 
VACUUM 
FURNACE 


VERSATILITY 


This versatile Stokes Vacuum Induction Furnace is 
being operated at the Fernald Plant of the National 
Lead Company in Cincinnati, Ohio, for the Atomic 
Energy Commission. Large uranium ingots, for a 
wide variety of special metallurgical examinations, 
are being cast in this facility. The consistent long 
term performance of this furnace has again con- 
firmed the Stokes world-wide recognition as manu- 
facturers of highly reliable, rugged vacuum furnaces 
for nuclear use. 


Pumped by a Stokes Mechanical Booster, the fur- 


Vacuum Metallurgical Equipment Division 
F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. 


STOKES 


Stokes Vacuum Induction Furnace casts uranium ingots at the 
Fernald plant of National Lead Company. 


nace operates in the low micron pressure range. The 
bottom rollaway configuration is just one of the 
many standard designs offered by Stokes. Typical of 
Stokes single source responsibility is the fully inte- 
grated 200 KW induction power supply for melting 
and mold heating. 


Why not investigate how Stokes vacuum know-how 
can assist your program? Whatever your require- 
ments, the inherent flexibility of Stokes design con- 
cepts is assurance that your stringent needs can be 
met. Contact Stokes today. 
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Peaceful Nuclear Explosions: 
Status and Promise 


instituted after the encouraging '57—'58 underground test series, 


AEC's Plowshare Program has laid plans for new underground experiments 


that would advance the science and technology of peaceful explosions 


By GERALD W. JOHNSON, Lawrence Radiation Laboratory, University of California, Livermore, California 


PEACEFUL APPLICATIONS of nuclear 
explosives became a practical possibility 
with the of nuclear 
explosions only small 
Fusion fuels are 
extremely abundant and cheap; the 


development 
that 
fission contributions. 


involve 


products of the fusion reaction are 
nonradioactive and the induced activity 
can be limited by neutron-absorbing 
blankets. 
plying such explosions to constructive 
uses has been the radioactive products 
from the (relatively small) fission con- 
tribution to the explosion. However, 
experience has shown that in many 
situations, even for purely fission ex- 
the release of radioactivity 
to the biosphere can be adequately 
controlled (1). 

Consequently 


The major problem in ap- 


plosions, 


the Plowshare Pro- 
gram was established at the Lawrence 
Radiation Laboratory by the AEC in 


1957, to explore the potential industrial 


and scientific uses of nuclear and ther- 
monuclear explosives. 

The objectives of the program are: 
e To develop an understanding of the 
basic phenomenology of nuclear and 
thermonuclear explosions in various 
environments 
e To explore possible industrial and 
scientific applications 
e To plan and execute field experi- 
ments to gather additional data, 
conduct scientific experiments, and 
demonstrate industrial potentialities 
e To design, develop, and test special 
explosives appropriate to any desired 
use. 

The broader goals of the program are 
to reduce the cost and the radioactivity 
production of the explosives. 
guide to costs the AEC has published 
charges that would be appropriate to 
providing an explosive and the service 
of firing for various energy releases, 


As a 


The charges are $0.5-million for the 
kiloton range, $0.75-million for the 
tens of kilotons range and $1.0-million 
for the megaton-range explosives. To 
get total costs of experiments, of course, 
one must add the construction, opera- 
tional, and scientific costs. A good 
illustration is Project Gnome (to be 
described later), where the total cost 
will be about $4-million including the 
AEC charges for the 10-kt (kiloton) 
explosive. 


Knowledge to Date 


Table 1 lists the nuclear detonations 
to date which have been most exten- 
sively studied. All of these explosions 
were conducted either to test new 
weapons designs or principles or to 
collect data about military effects. 
None of the explosions were conducted 
under the auspices of the Plowshare 
Program. The first completely con- 





TABLE 1—Underground Nuciear Explosion Data 


Yield, W 
(kt) 


Test Date 
11/19/51 
11/29/51 


Teapot-Ess 3/23/55 


J ingle-S 
Jangle-U 


Medium (ft) 


a 
~— 


—3.5* 
17 


“ 7 
64 


Alluvium 


“ 


o2 


Depth, D Scaled depth, on surface 
D/w* 


Measured 
radioactivity 
deposited Crater Crater 
volume volume/kt 
(%) (108 yd*) (10% yd*/kt) 
—3.3* 
16 
63 


1.65 1.4 
37 31 
96 80 


65 
80 
90 


m= bo bo bo 


Neptune 10/14/58 
Blanca 10/30/58 
10/15/58 


205 
310 
485 


+ 


1-2 
0.5 
0 


22 190** 


Bedded tuff 99 
rs 0 


835 
830 


+H OH H H+ 


co 


Logan 


_ 

S 
— 
> 


9/19/57 
10/8/58 
10/28/58 


0.1 
0.010 
0.030 


790 
330 
840 


670 
780 
2,200 


0 
Ot 


ot 


~I 


Rainier 


— a) 
ys 


Tamalpais 


Hw H+ | 


= 
Evans + 


*3.5 ft above surface. **In bedded tuff under a sloping surface 1:3; therefore, crater is probably larger than on a level surface. 
+ No breakthrough to surface but radioactive gases in large quantities leaked intothe tunnel.  ~ No breakthrough to surface but stemming 
failed, releasing gross fission activity into the tunnel. 
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tained underground nuclear explosion 
(code-named Rainier) of September 
19, 1957, was conducted to develop a 


10* 


Peak Pressure {kilobars) 


10 
Radius (meters) 


FIG. 1. SHOCK STRENGTH as function of 
radial distance from origin for Rainier event 











FIG. 2. RAINIER POST-SHOT DATA. 


50 


release of 


(a) Vertical section through 
blast region shows shift of earth layers within fracture zone. (b) 
Temperature distribution 5 months after event; background tem- 


method of nuclear weapons testing 
that would not release radioactivity to 
the atmosphere. The experiment was 
completely successful and has provided 
most of our understanding of such 
explosions; other underground explo- 
sions followed as part of a development 
series. 

Extensive drilling, logging, and min- 
ing operations have given us general 
information about the effects of these 
A theoretical model, de- 
computers, 
seems to give the proper distributions 


explosions. 

veloped for high-speed 
of energy and correct magnitudes of 
effects. The 
underground ex- 


the mechanical phe- 
nomenology of an 
plosion can be described in four stages 
very different time 
scales; let us take the Rainier explo- 
(8-5) as an example: 

Nuclear (microseconds). 
The total energy of the 
released in less than 1 


characterized by 


sion 
reaction 
reaction is 
psec. In the 
tainier explosion [in which an energy 
1.7 kiloton (7.2 & 10'* ergs) 


perature is 


overburden 


16.6° C. 
during first stage of explosion and is then filled in by collapse of 


took place in a 6 X 6 X7 ft room 
containing about one ton of material] 
the pressure in the room, after a few 
was 7 X 106 and 


microseconds, atm 





TABLE 2—Partition of 
Rainier Event 


Energy in 


Radi 
State (ft) 


Percentage of 


prompl energy 


0-62 8.2 
Liquid 62-62 .25 

Crushed 62 .25-130 

Fractured 130-180 

Elastic 280 


Gas 





the temperature about 10° K. Ac- 
companying the large energy release 
was a burst of neutrons amounting to 
2 X 10** per kiloton of fission energy. 


Hydrodynamic phase (milliseconds). 
Under the influence of the high pressure 
the room expanded in a few tens of 
milliseconds to a spherical cavity 125 





Major radioactive zone 


Sphere labeled initial cavity is formed 
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ftin diameter. At this time the cavity 
was lined with a shell of melted rock 
about 4 in. thick, which amounts to an 
estimated 800 tons of material. The 
temperature and pressure were 1,200- 
1,500° C and 40-50 atm respectively. 
The shock proceeded outward crushing 
the rock to a radius of 130 ft and 
becoming elastic at 280 ft. The elastic 
beyond that point 
For a sufficiently 
large (~20 kt at the 
Nevada site) the seismic signal can 
readily be detected at several thousand 
miles. Figure 1 the shock 
strength as a function of radial distance 
and Table 2 the calculated partition 
of energy during this phase. 
Quasi-static phase (seconds—min- 
utes). The cavity persisted for seconds 
to minutes, during which time melted 
material flowed down the sides and 
dripped from the overhead. This stage 
ended when the roof collapsed; the tem- 
perature then dropped rapidly because 


proceeded 
attenuated. 
explosion 


wave 


until 


shows 


of the rapid expansion of the gas and 
dilution by the cold material falling in. 
The melted rock froze to a glassy mate- 
rial and collected in a bowl-shaped zone 
toward the of the cavity. 
This glass contained 65-80% of the 
fission-product activity. The 
remainder was distributed through the 
collapsed the rock 
contained 15-20% water by weight and 


bottom 
gross 


zone. Because 
there was a large permeable zone, the 
temperature of the hot rock rapidly fell 
to the boiling point of water. 
Long-term phase (>minutes). 
cessive ¢ ollapse of the cavity vertically, 
thermal diffusion, and radiation 


Suc- 


slow 
decay continue. For Rainier the verti- 
cal collapse proceeded upward about 
100 ft and then apparently stopped. 
The temperature distribution measured 
five months after detonation is shown 
in Fig. 2b. 

Detailed 
coring and mining of the collapsed zone 


geological mapping by 
revealed the general structure shown 
in Fig. 2a. Thi 


are the radioactive zone at the bottom, 


features of interest 


the collapsed zone extending upward 
and the fracture 
boundary about 65 ft below the point 
of detonation to about 400 ft above it. 
The natural bedding of the tuffs made 
it easy to identify movement of mate- 
rial the cavity. At 
about the level of detonation, the rocks 
grade from a few inches in diameter 
just inside the radioactive shell to 
several feet in diameter at the center. 


to form the chimney, 


into collapsed 
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The boundaries between the rocks were 
filled with a fine dust, which one year 
after the explosion had recemented. 
The explosions as a group support 
the following generalizations for tuff 
(extending them to other media must 
be done with caution): 
e The radioactivity of nuclear ex- 
plosions in the kiloton range in tuff 
can be completely contained under- 
ground at depths of D = 400W* ft or 
greater, where W is the energy release 
in kilotons. 
e The initial cavity formed by the 
explosion has a radius of R = 50W* ft 
(for an overburden depth of 900 ft). 
e Initially melted rock, which is 
converted to glass on cooling, amounts 
to 500 + 150 tons per kiloton of 
energy release. 
e The collapse of the cavity produces a 
zone of about 7 X 104 yd*/kt (1.2 X 
105 tons/kt) of broken permeable 
material. 
e The major portion (65-80%) of the 
gross fission-product activity is in 
dilute (1 part per 10 million) solution 
in glass. The remainder (20-35%) is 
distributed throughout the collapsed 
zone of the chimney and is deposited 
on the surface of the broken material. 
e About 30% of the total energy 
release of the explosion is initially 
deposited in steam and hot rock at a 
temperature in excess of 1,200° C. 
The temperature rapidly degrades to 
the boiling point of water. One year 
after the Rainier explosion this energy 
resided within a volume whose radius 
was less than 80 ft. 


FUTURE PLANS 


The series of tests of Table 1 
prompted proposals for several new 
experiments under the Plowshare Pro- 
gram. Three of the experiments are 
now in an advanced state of planning 
and one of these, Project Gnome, has 
entered the construction phase. Other 
experiments are in various degrees of 
preparation. 


Project Gnome 


One of the striking results of the 
Rainier study was the fact that such 
a large fraction (30%) of the total 
energy was initially deposited in hot 
debris (>1,200° C). Because of the 
large quantity of water present, the 
temperature was rapidly degraded, 
but what would have been the result in 
a dry medium? Perhaps the energy 
could be stored at high temperature 


long enough to permit recovery for 
power. These observations soon led 
to the idea of an explosion in a large 
natural salt formation which normally 
is dry (less than 1% water). With 
more detailed thinking and planning 
an experiment called Project Gnome 
has been designed in which a 10-kt 
all-fission explosion will be set off at a 
depth of 1,200 ft in a massive salt bed 
near Carlsbad, New Mexico. The 
general arrangement shown in Fig. 3 
includes a 1,200-ft vertical access shaft 
which is joined at the bottom to a 
1,000-ft tunnel. The tunnel termi- 
nates in a hook (similar to that used 
for the Rainier explosion) designed to 
be selfsealing as far as release of 
radioactivity to the shaft is concerned. 
The basic objectives of the experi- 
ment are: 
* To explore the feasibility of convert- 
ing nuclear explosive energy into 
sensible and latent heat which could be 
used to produce electric power. 
*To investigate the feasibility of 
recovering from natural salt useful 
isotopes produced during the explosion. 
The chemical and physical behavior 
of a large number of elemental species 
will be studied with no specific attempt 
to produce useful isotopes, except as 
required to establish feasibility. 
* To extend the data on the charac- 
teristics of an underground nuclear 


Access shaft 
Surface 





nstrumented 
sampling holes 




















Experimental vacuum line -~ 85 - 


7 


ero point 


FIG. 3. PROJECT GNOME, now under con- 
struction, will test retention of high tempera- 
ture heat in salt bed 
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explosion to a new medium (natural 
salt) that has physical properties in 
marked contrast to those of volcanic 
tuff—the only medium for which such 
data are presently available. 

® To conduct several basic neutron- 
physics experiments (see p. 54). 

The experiment is completely de- 
signed and construction was recently) 
authorized to proceed in an announce- 
ment by President Eisenhower in May. 


If the project continues according to 
schedule, the experiment can be con- 
ducted in late 1960 or early 1961. 
The actual firing of the test, however, 
has still to be authorized. 

Two other Plowshare experiments 
have reached the final stage of plan- 
ning; Project Oil Sand 
and Project Chariot. Unlike Project 
Gnome they have not yet been 
authorized to begin construction. 


these are 


Project Oil Sand 
The Richfield Oil 


association with other oil companies 
and in cooperation with the AEC, has 
developed an experiment (Project Oil 
Sand) (6) directed toward releasing 
oil from the Athabaska tar sands 
deposit in the province of Alberta, 


Company, in 


Canada. 


These deposits are estimated to 





Scientific Data from Plowshare 


Besides demonstrating the feasibility of practical engineering 
assignments such as power generation, oil recovery and large 
scale excavation, Plowshare experiments will provide unique 
opportunities to accumulate basic scientific data. The follow- 
ing represent only a few of the suggestions made along these 
lines at the Second Plowshare Symposium (9): 


Space Research 


The high-altitude nuclear explosions (Project Argus) set off 
by the United States in 1958 gave rise to important and spec- 
tacular auroral and geomagnetic disturbances. While these 
were classified military tests, much information has been pub- 
lished, The important characteristics of explosions in space are: 
® One-half of the energy is released as thermal radiation char- 
acteristic of source temperatures of several million degrees. 
® One-third of the energy is carried off as kinetic energy of 
the bomb debris. 
®The remaining energy is divided between prompt and 
residual nuclear radiations. 

Several individuals (10-17) have discussed possible uses of 
nuclear explosions to study the properties of space. The sharp 
thermal-radiation pulse would allow precise measurements of 
the propagation velocity of electromagnetic radiation in space. 
Squire and Softky (18) have suggested an experiment which 
would establish relative velocities of photons in four frequency 
ranges [rf range (100—1,000 Mc), optical range, X-ray ranges 
(few kev) and gamma-ray range (few Mev)]. The measured 
relative velocities should be good to +10 meters/sec. To 
confirm, or deny, the frequency independence of the velocity of 
electromagnetic radiations over such a wide band would be 
important to the theory. 

The rich source of beta rays can be used to excite the 
auroras to levels exceeding natural excitations by many orders 
The advantages in such studies of being able to 


of magnitude. 
Explo- 


predetermine time and point of injection are obvious. 
sions in space also perturb the earth's magnetic field and hence 
provide a means of generating and studying the magneto- 
hydrodynamic waves. The nature of the radiation belts and 
the trapping and injection of particles can be investigated. 


Transplutonic Isotopes 


Einsteinium (99) and fermium (100) were originally dis- 
covered when they were produced in the first thermonuclear 
explosion of 1952. The highest mass number obtained was 


255, the result of 17 successive neutron captures. This explo- 
sion was a weapons-development test on the surface, and the 
samples recovered were minute indeed. 

A specially designed system combined with underground 
detonation, might recover milligram "amounts of Cf?®? from a 


single explosion. A reactor radiation progrom of several 


years duration is now underway to produce equivalent amounts 
of this isotope, which is unique as a laboratory source of fission 
neutrons and fission fragments. With appropriate design, 
measurable quantities of an isotope of mass 270, which would 
be expected to be stable at Z of 104, might be also produced 
and identified. 


Earth’s Structure and Seismology 


Most of our understanding of the internal structure of the 
earth has come from analysis of signals generated by earth- 
quakes. However, signals from nuclear explosions set off 
during weapons development tests have also contributed 
information (19-20). The output from four bombs fired in 
Central Australia in 1956, gave the first reliable information 
on the depth of the Moho discontinuity in Australia. The major 
uncertainties in earthquake seismology are time, source energy 
and location and depth of focus of the generating source. 
With a nuclear source, on the other hand, the location, time of 
detonation and energy release can be accurately controlled. 
Thus the range of instruments can be properly set, and all 
instruments can be calibrated before and after the explosion. 
The travel-time curves then can reveal more detailed informa- 
tion about the structure of the earth because source uncer- 
tainties are removed. In addition since the sources can be 
placed anywhere, the seismologist need not rely only on signals 
from active seismic areas. 

A source fired in the Antarctic, which is an aseismic region, 
would reveal valuable information. Press and Griggs (21) 
have indicated that a nuclear detonation deep in the ice (deep 
enough to prevent release of radioactivity to the atmosphere) 
would yield data on the average distribution and thickness of 
ice, distribution of land mass under the ice, and crustal thick- 
ness information. For a sufficiently large shot (100 kt), strong 
signals would be received all over the world and information 
on inner and outer core, and other structural details could be 
resolved. This experiment should be done and should be 
conducted as an international experiment in the traditions of 
the IGY and of seismology. 

All Plowshare nuclear shots, wherever they are fired, will be 
announced well ahead of time and fired at specified published 
times so that the seismic scientific community will be able to 
take full advantage of the signal. 


Nuclear Cross Sections 


The enormous neutron flux intensity generated during a 
nuclear explosion can be used to improve our knowledge of 
neutron cross sections and fission processes by orders of magni- 
tude. The accompanying article by D. J. Hughes on p. 54 
explains how explosions can be used for this purpose and 
describes the experiments planned for Project Gnome. 
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contain a quantity of oil approximately 
equal to the world’s proven reserves. 
Because of the high viscosity of the 
oil and the approximate 1,000 ft of 
overburden, all attempts to extract the 
oil from the formation economically 
have failed. Heating the tar sand to 
100° C lowers the viscosity of the 
oil enough so that it may be possible 
to pump the oil from the sand. In 
the experiment a 9-kt nuclear explosive 
detonated beneath the 
tar sand heat the 
adjacent tar fracture the 
interbedded layers of shale, thereby 
permitting study of the problems of 
In addi- 


immediately 
formation will 


sand and 


recovery of the trapped oil. 
tion to the direct heating mechanism 
also rendered re- 
by shock heating. Further- 
further re- 


some oil may be 
coverable 
more the possibility of 
covery by secondary processes can be 
examined. 

The 
mately 
sand formation, will produce a cavity 
250 ft in diameter which will 
subsequently collapse. When collapse 
fractured tar sand and shale 


planned detonation, approxi- 


20 ft below the base of the tar 
about 


occurs the 
formation will tumble into the cavity 
and be heated by the energy which was 
ce posited the 
With a temperature distribution in the 
collapsed zone like that of the Rainier 
100,000 barrels of 
recoverable from a 9-kt 


locally by explosion, 


shot al estimated 
oil might be 
explosion. 3ased on experience in tuff 


in Nevada 


sidence or breakthrough is expected. 


no cratering, surface sub- 


Ground-water movements in the pro- 
have thoroughly 
it was concluded by the 


posed area been 
studied and 
Alberta 
mittees that 
water contamination problem. 

the Canadian 
AEC, Project Oil 
months 


and Ottawa technical com- 


there will be no ground- 
On approval by 
authorities and the 
Sand could be conducted 6 
from the time authority to proceed is 


obtains d. 


Project Chariot 


Project Chariot is a nuclear excava- 
tion experiment to be done at a point 
northwest coast of Alaska near 
Thompson Fig. 4). It will 
demonstrate the « apabilities of nuclear 


on the 
( ape 


explosives for excay ation projects with 
greatly reduced release of radioactivity 
to the atmosphere—a necessary step 

near 
These 


projects may eventually include ex- 


before earth-moving projects 


populated regions can proceed. 
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savations for harbors, canals, strip 
mining (7) or flood control reservoirs. 

As presently planned, four 20-kt 
and one 200-kt 
buried at optimum depths for cratering 
and containment of radioactivity will 
be simultaneously detonated to produce 


a single crater which, if desired, will 


nuclear explosives 


serve as a small harbor. 

The only reliable nuclear cratering 
data presently available are for 1.2-kt 
explosions in alluvial fill at the Nevada 
Test Site. Project Chariot has been 
designed to extend this knowledge to 
yields more consistent with useful 
excavation projects and to gain ex- 
perience in a harder medium than 
alluvium. In addition, Chariot will 
give important data on the gains to be 
realized by the simultaneous detona- 
tion of a line of nuclear explosives. 

The amount of radioactivity released 
to the atmosphere by a nuclear crater- 
ing detonation varies strongly with the 
depth of burst. A 115-ton explosion 
(Neptune) (8) in Nevada indicated 
that the depth can be adjusted to 
excavate almost a maximum volume 
with only 1-2% of the gross radio- 
activity escaping to the air. In 
Project Chariot, which will use similar 
sealed depths of burial, plans call for 
of the distribution of 
mate- 


measurements 
radioactivity in the “fallback” 
rial in the crater, on the surface in the 
vicinity of the crater, on the surface 
within 100 miles and in the atmosphere. 

A thorough survey of biological and 
ecological effects is being made under 
the auspices of the Division of Biology 
Medicine. The pro- 
gram will provide 
adjust factors such as time of year and 
direction of fallout to minimize bio- 


and biological 


information to 


logical cost. 
* +. * 


The work summarized here was the result 
of efforts by many individuals in the Plow- 
share program from several laboratories. 
Many helpful criticisms and suggestions 
were made of the manuscript by the late 
Donald J. Hughes, Brookhaven National 
Laboratory, and Roger E. Batzel, Lawrence 
Radiation Laboratory. Material was drawn 
freely from the reports of the Second Plow- 
share Symposium conducted in San Francisco 
on May 13-16, 1959. 
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By DONALD J. HUGHES 
Brookhaven National Laboratory, Upton, New York 


Plan View 














1,000 Ft. 
station 


Neutron Spectroscopy with 
Nuclear Explosions 


A research reactor would have to operate for thousands of years 

to produce as many neutrons as a single nuclear explosion. 

Experiments designed around this enormous source intensity could improve 
by an order of magnitude our knowledge of resonance cross sections 


The field of high-resolution neutron spectroscopy has 
advanced rapidly in the last decade and has produced much 
data of value to nuclear-structure theory. It is fortunate 
that, in addition, the experimental results—neutron cross 
sections in the resonance energy region 
cal utility in the design and understanding of nuclear 
reactors. In the present report I would like to consider the 
possibility of pushing neutron spectroscopy even further by 
exploiting the nuclear explosion as a neutron source 


have great practi- 


Neutron Spectroscopy 


Let us first look briefly at what the field is all about, and 
then go into the matter of what we can do with the nuclear 


explosions; perhaps you will then share my enthusiasm for 
The results 
consisting of 


their use as a source for neutron spectroscopy. 
of neutron measurements, 


neutron-resonance parameters, furnish a detailed view of the 


spectroscopy 


energy levels in a very narrow region of excitation energy of 
Most 
of the results have come from nuclei with mass numbers 
greater than 80 or so, simply because these nuclei usually 
have closely spaced levels in the neutron-energy range where 
the instruments The region of 
excitation energy that we are here considering is slightly 


the compound nucleus for a large number of nuclei. 


have high resolution. 


above the neutron binding energy, hence above 5-8 Mev, 


where the level spacing is typically a few volts. Thus 





Dr. Donald J. Hughes, the author of the accompanying 
article, died suddenly on April 12, 1960, at the age of 45 
of a coronary thrombosis that first occurred the week 
before. Don Hughes was one of the pioneers in the de- 
velopment of the U. 8. atomic energy program, having 





joined the Manhattan Project in 1942. He was among 
the small group of physicists that put into operation the 
first plutonium-producing reactor at Hanford. After the 
war he became chairman of the physics department at 
Argonne National Laboratory. Among his many con- 
tributions there were the first accurate 
the delayed neutron groups from fission and measure- 
ments of resonance neutron absorption and the neutron- 
proton interaction. 

In 1950 Hughes joined Brookhaven National Labora- 
tory to devote full time to research. Here his work with 
fast chopper techniques provided the basic data for our 
present day understanding of resonance-neutron inter- 
actions and his search for an empirical understanding of 
these phenomena led to the compilation of the now 
famous BNL-325. In recent years his interest in neutron 
physics has ranged from interactions of the lowest energy 
(10-% ev) to those of the highest energy (10° ev). His 
understanding and insight into the problems of neutron 
H. Palevsky, Brookhaven 


measurements of 


physics will be sorely missed. 
National Laboratory. 
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NEUTRON EXPERIMENTS FOR PROJECT GNOME. View from 
above of horizontal tunnel for Project Gnome (see p. 51) shows 
arrangement of cross section experiments that will use neutron 
burst from 10-kt explosion. Neutrons that enter 1,000 ft vacuum 
pipe at C are detected at A by electronic time-of-flight circuits 
which will measure resonance transmission for U?**, U2*, U255 and 
Pu***, Originally planned by author, this experiment will improve 


shields 
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at this energy there is a small band, say one kev wide, where 
there are many levels that we can study with really high 
accuracy. The energy band is this narrow because resolving 
power rapidly decreases above one kev. 

The energy levels appear as resonances in the measured 
cross section, plotted as a function of neutron energy. Each 
level at some 5-8 Mev 
excitation, although the corresponding neutron energy is 
It is an interesting and useful fact that the 
total cross section alone, which is the easiest type to measure, 
gives a lot of information about the energy levels. For 
example, I the total level width (which gives the lifetime of 
the excited stat 
the resonance in electron volts. 


resonance represents an energy 


only a few ev. 


is given simply by the measured width of 
The excited state can decay 
by emitting a neutron, various combinations of gamma rays, 
and in some cases by fissioning or emitting protons or alpha 
particles. All of these modes have corresponding partial 
widths, -the neutron width, the 
gamma width, which is in turn made up of many partial! 


which can be measured 
gamma ray widths, a fission width, and so on. 

It is also possible to investigate the spacing of the levels, 
both the average spacing for various nuclides and the matter 
of how the spacings are distributed within a single nuclide, 
whether at random or with some regularity. Finally there 
is the spin of the level, J, which also is now being measured 
All of these results 
obviously have a close connection with nuclear theory and 
they have been of great value in the development of such 
theory, primarily with regard to nuclear models. 


by methods of neytron spectroscopy. 


High Resolution 


The problem of getting good data is primarily one of 
developing a neutron source of high resolving power. The 
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{Vacuum 
line 


C 


resolution of resonances by factor of four over present data. 
Two rotating target wheels (see Fig. 3) also located at A will 
measure fission properties of U?*5 (with 0.1-ev resolution up to 1 
kev) and capture cross sections for several isotopes including Th**’, 
Witt) WIS Tals! HEl®? and Au!’’, At B, Cerenkov detectors will 
measure angular distribution of 4.4-Mev gammas from C(n,n’,y) 
reaction. Resolution will. be 0.1-0.3 Mev for 4.8-15 Mev neutrons 
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FIG. 1. RESONANCE-DATA EVOLUTION. Measured cross section 
of tin from various editions of BNL-325. Curves show increase 
in number and size of resonances with increased resolving power 
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best way to describe the progress and present status of high 
resolution instruments is to examine some representative 
data in the neutron spectroscopy field. Figure 1 shows a 
surprising change of cross sections with time. The cross 
section of tin in 1952 (the dates refer to successive editions of 
BNL-325) appeared structureless, and at the time this 
behavior seemed reasonable because the tin nucleus contains 
50 protons, and 50 is a magic number. However, the truth 
is that magic numbers have nothing to do with the results. 
In 1954 some resonances started to appear; in 1955 they 
were much more prominent, there were many more of them, 
and we even knew to which isotopes of tin they belonged 
Were we to include a 1960 curve (not available as yet), we 
would see that the low energy region would hardly change at 
all, but at higher energy we would now have more and 
sharper resonances. So as resolution gets better and better, 
the information gets better—but we must be careful at each 
stage that the information we give to theoreticians is 
trustworthy, so that we in turn can trust their theory. 

Some recent work done at Brookhaven on iridium is 
given in Fig. 2, as an example of typical resonance structure 
as the neutron energy increases up to a few hundredev. At 
low energy, say up to 30 ev in Fig. 2, the resolving power is 
sufficiently good that we get the kind of information just 
described directly from the cross section curves. But as 
we get into the upper end of Fig. 2, we obviously can’t 
resolve all the levels—the thing that is needed to get more 
and better data in this field is simply higher neutron-energy 
resolving power. 

Of the instruments that have been used in neutron spec- 
troscopy, the most prolific in data production this far has 
been the “fast chopper,” a mechanical shutter used with 
reactors. A fast chopper of Brookhaven design was installed 
about a year ago at the new NRU reactor at Chalk River, 
which has a central (thermal) flux of about 2 x 10. The 
fast chopper, essentially a heavy rotor 1 m in diam contained 
in an evacuated case, is placed at a beam hole that passes 
into the center of the reactor. The neutrons are chopped 
into bursts as the chopper spins; each burst lasts one 
microsecond, about the shortest burst that can be obtained 
by these mechanical devices. The chopped beam then 
travels through a helium-filled balloon that extends out of 
the reactor building to a point about 200 meters away on 
the bank of the Ottawa River. 
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FIG. 2. ROOM FOR’ IMPROVEMENT. 
Total cross section of iridium, measured 
recently with the Brookhaven fast chopper, 
shows unresolved resonances above 100 ev 


In resonance analysis the resolving power is always stated 
in terms of microseconds per meter, or the uncertainty in 
time in microseconds. In a device like this the resolving 
power would be about a microsecond, divided by the length 
of flight. If we have a 100-m flight path the resolving 
power would then be 0.01 ywsec/m. The spread in energy 
corresponding to this resolution would be 0.01 ev at 10 ev, 
and 10 ev at 1 kev. This resolution is sufficiently good to 
analyze some twenty resonances or so in typical materials; 
better resolution is obviously needed. : 

The pulsed machines are about comparable to fast 
choppers in resolving power at the present time. As an 
example, a resolution of 0.01 ysec/m has been obtained 
with the Columbia synchro-cyclotron. 
recently have been doing very well also, with regard to 
resolution and intensity as well. One of the best is the 
French accelerator at Saclay, which produces pulses of 
about 1 wsec with a neutron emission rate of about 101 
recent fission 


Linear accelerators 


neutrons per second during the burst. A 
cross-section measurement of U**® with this instrument is 
definitely superior to previous results. 


Nuclear-Explosion Source 


Now let us consider how a nuclear explosion compares as 
a source for neutron spectroscopy with the fast chopper at 
the NRU or a typical pulsed source. First, let us examine 
the neutron intensity available from our explosion and 
compare it with a pulsed source. To make things inter- 
national, we can talk about the high-power pulsed source 
now being built by Soviet scientists at Dubno near Moscow. 
This is a pulsed source that isn’t out of this world by any 
means, but is designed for an extremely high intensity—10" 


neutrons/sec during a 10 burst. Actually it is a 
’ 


msec 
“pulsed reactor,” similar to several already used at Los 
Alamos. But the designers of the Soviet machine hope to 
have a high repetition rate, in addition to the intense 
neutron emission during the burst. The period would 
perhaps be something like }{9 of a second. These figures 
would give 10"? neutrons per burst or 3 X 10?° per year of 
continuous operation. 

Now it is easy to compare this source with a nuclear ex- 
plosion, for the pulsed reactor would need a moderator neal 
or around it, and so would the nuclear explosion to produce 
The simplest way in principre 
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resonance energy neutrons. 





to use the nuclear explosion for high-resolution neutron 
spectroscopy would be to place a moderator near it and to 
time the flight of the neutrons down a 1-km vacuum pipe 
to a detector. For this arrangement, we can compare di- 
rectly the 3 X 10° neutrons per year emitted by the pulsed 
reactor with a nuclear explosion which could give of the 
order of 1074 emitted neutrons. From these admittedly 
approximate numbers, we conclude that one shot is equiva- 
lent to the operation of the Russian pulsed reactor for 3,000 
years! We can understand why people in the neutron spec- 
troscopy business might feel that a nuclear explosion is a 
potent thing. 

Let us now turn to a comparison of the explosion with the 
other velocity selector, the fast chopper at the NRU, which 
gives a very high intensity for this type of neutron spec- 
trometer. For the experimental arrangement of the explo- 
sion we can assume that a few meters from the explosion we 
have a slab of appropriate moderator about a meter square. 
The slab can’t be too thick because we don’t want to intro- 
duce too much uncertainty in timing; so we shall be con- 
servative and make it so thin that only 10% of the incident 
neutrons get moderated in it, the others escaping. Then 
100 meters away we place the neutron detector with timing 
circuitry and the samples whose cross sections we desire to 
measure. Under these conditions and starting with 10*4 
emitted neutrons, we can compute the number in a given 
energy range incident on the detector. The result is 
t <X 10'° neutrons/em? in a 1 ev energy interval about 
10 ev for one explosion. For comparison with this result, 
we have the intensities that we are actually getting for the 
fast chopper at the NRU reactor at the present time. There 
we have a certain counting rate which, converted to 24 hours 
a day for a year, gives a figure of 107 neutrons/cm? in the 
same energy interval just considered. So strangly enough 
we end up with about the same factor as we did for the 
pulsed reactor—one shot is the equivalent to the operation 
of the fast chopper for a few thousand years. 


Recording Equipment 


Upon seeing figures such as those we have just computed, 
the usual reaction of one versed in the high-resolution neu- 
tron field is, “How can we use ail this intensity in such a 
short time?” Well, outside of the difficulty of planning 
your experimental program for the next 3,000 years there 
are other difficulties too. Fortunately they are not really 
so bad as one’s immediate reaction would indicate. There 
is no real trouble in getting the neutrons out of the exploding 
material on time and so on. True, they are much slower 
than the ones that people usually are concerned with when 
working with nuclear explosions. Nevertheless, they still 
are well in advance of the shock wave so that they can get 
out and data can be recorded before the instruments are 
damaged. Actually the recording equipment would be 
far enough away from the explosion so that it would be 
unharmed. 

The information that must be recorded is rather compli- 
cated, as shown by the typical data of Fig. 2. The way in 
which these data are handled in the neutron spectrometers 
requires rather complex thousand-channel time analyzers, 
and the big problem is to store the data in the machine per- 
haps for days. For this purpose various storage devices 
such as ferrite cores, magnetic drums or electrostatic tubes 


are used at present. In one way the recording of data for a 
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nuclear explosion is much simpler because it is not necessary 
to keep the data in the machine for days. It is obtained al 
at once and by recording current in the neutron detector 
not counts. The information would be recorded by photos 
of oscilloscope patterns. The people who have done this 
have convinced me that the kind of detail that would be 
observed in time-of-flight experiments can certainly be 
recorded. Thus I feel that recording data—the time analy- 
sis and the storage of intensities in thousands of channels- 
is actually easier for the explosion than it now is for conven- 
tional methods. 


Possible Experiments 


The second difficulty arises when we consider the various 
types of experiments that can be done. The usual experi- 
ment is simply a transmission measurement in which the 
intensity with no sample is recorded then the intensity with 
the sample in the beam. There is no reason why ap experi- 
ment of this type can’t be done with a nuclear explosion in 
exactly the same way although we would obviously use two 
calibrated detectors, one with and one without a sample. 
The more complicated experiments concern partial cross 
sections where, instead of a simple neutron detector for 
sample transmissions, more complicated measurements are 
made. For instance, a scattering experiment is one in 
which we have some sort of neutren detector near the sam- 
ple, in which we measure the intensity of the scattered neu- 
trons as a function of time and, perhaps, of scattering angle 
as well. Other possible experiments are ones in which a 
gamma ray detector would be used to study the capture 
cross sections or fast neutron detectors to measure fission 
cross sections. These partial cross sections although more 
difficult than the total cross section can all be measured in 
the same way by using the correct instrument and recording 
current. Cowan, working at Los Alamos, has already used 
a nuclear explosion to study fission properties (Fig. 3). 
By activating U?** mounted on a wheel rotating in a beam 
of neutrons from the explosion and performing a subsequent 
radiochemical analysis, he was able to measure the yields of 
various fission products in different neutron resonances. 

There are one or two experiments that cannot be per- 
formed, however, at least in precisely the ways that are now 
being done. One is an experiment that is currently receiv- 
ing a lot of attention—the study of the individual gamma 
rays following neutron capture. Experiments are now 
under way in which the relative intensities of a particular 
gamma ray, for example the ground state transition, are 
measured in the different resonances. The results show 
how transition probabilities to a particular final state vary 
from different initial states. At the present time, these 
measurements are made by analysis of pulse-height in scin- 
tillation crystals, combined with time analysis, to identify 
respectively gamma ray and neutron energy. The simple 
pulse-height analysis is obviously impossible when current 
is recorded, but I am sure that experiments of this type can 
still be done by using another and better type of energy 
measurement, involving magnetic analysis for example. 
Another type of experiment definitely not feasible with nu- 
clear explosions is the one in which we measure coincidences 
to study the decay scheme of the capture gammas in detail. 
But with the exception of coincidence measurements, all the 
standard experiments can be done as well as others not now 
possible. 
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FIG. 3. LOS ALAMOS EXPERIMENT in October of 1958 used 
neutron pulse from small nuclear explosion to bombard target 
wheel rotating at high speed 100 ft away. In this arrangement 
neutron velocity has direct relation to position at which neutron 
strikes target rim, giving an energy resolution of a few per cent 
between 10 and 100 ev. Insert shows photograph of actual ex- 
periment before burst 
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FIG. 4. GAMMA RAYS from various resonances in tungsten. 
Upper curve is ground-state intensity and lower curve is intensity 
of low-energy gammas. Resonance levels that appecor in upper 
curve are from W'*4 and have spin J = 
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Should the high intensity of a nuclear explosion become 
available, I think the first job anyone in this field would want 
to put on the experimental program would be a really com- 
plete analysis of U2**, U2*5 and Pu*** in the resonance region. 
This analysis would mean measurements of total cross sec- 
These 
measurements are all of the type that can be done now with 
conventional neutron spectrometers but relatively so poorly 
that nuclear explosion results would constitute a completely 
different order of magnitude in accuracy. Another possible 
experiment would be the detailed study of neutron capture, 
not only in resonance levels but between levels as well. 
This latter is essentially the type of measurement that can’t 
be done at all with present techniques. 

To understand the need for high source intensity for neu- 
tron spectroscopy, let us consider briefly the counting rates 
typical of the gamma-ray experiment just mentioned. In 
this particular case the compound nucleus is W'*4 and there 
is a ground-state gamma ray of 7.4 Mev, as well as a transi- 
tion to the 2+ state about 100 kev away. The advantage of 
this state of affairs is that it is possible to identify the spins 
of the levels; if we find the ground state gamma* the level 
has J = 1 because this gamma cannot be emitted for levels 
of the other possible spin J = 0. 
be determined for the various levels corresponding to the 
neutron resonances in the target nucleus W'**. A pulse- 
height analysis shows that the ground-state gamma is down 
in intensity by a factor of about 1,000 relative to the low- 
energy gamma rays. 


tion, fission cross section, fission fragments and so on. 


In this way the spins can 


The experiment consists in measuring 
the intensity of the high-energy gamma ray from level to 
level and it is not surprising that the counting rate isso low. 

An example of results obtained at Brookhaven is shown in 
Fig. 4. Fortunately we have now gained a factor of about 
80 in intensity by moving to Chalk River. We have here 
an analysis in terms of time-of-flight (or neutron energy) and 
gamma energy as well. The time-of-flight results for a low 
bias setting on the crystal represents low energy gammas and 
the high bias setting responds only to the ground state 
gamma in W'*4, Some of these levels appearing at low bias. 
are known to be in the target isotopes W'*? and W'**, but, 


as they have low binding energies, the levels disappear com- 
pletely at high bias. 


The resonance levels in the target 
nucleus W'** that appear at high bias, such as those at about 
8 and 27 ev, are thereby shown to be J = 1 levels. At 
about 48 ev there are two levels we can’t resolve, and to- 
gether they appear at high bias, but weakly. We have 
since found out by running at high resolution at Chalk River 
that one of these levels is J = 0 and the other is J = 1, thus 
explaining the results of Fig. 4. However, we are not inter- 
ested here in the reporting of nuclear physics, but in empha- 
sizing the need for increased neutron intensity. The ordi- 
nate in Fig. 4 is counts per channel in 40 hours and rates run 
about 40. In other words, we get about one count an hour, 
with a background of a count every 2 hours! 

I think it is quite obvious from such counting rates that 
if someone would guarantee that we would have about two 
of these explosions a year available as neutron sources, we 
would gladly pack up our equipment, move out, and start 
planning measurements. 


* Actually, transitions to the 111 kev level are included, but 
these behave similarly to the ground state transitions, and no 
uncertainty results, 
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FIG. 2. Migration area M? vs. total fuel- 
plate thickness (including cladding thickness) 


Criticality of MTR-Type Fuel Elements 


By ROBERT E. LIGHTLE,* The Babcock & Wilcox Co., Lynchburg, Virginia 


\ SIMPLE GRAPHICAL METHOD can be 
used to predic t the criticality of water- 
reflected MTR-type fuel 


The method gives k.~ of a critical or 


elements. 


nearly critical core to within 4% of the 
measured value and has been found 
useful for quick survey work. 

The is that the 


criticality of a parallel-plate core can 


basic assumption 


be predic ted by the simple formula 


et = keo/(1 + M*B%) (1) 

factor 
number 
the 
number of fuel plates per standard fuel 
element, and the aluminum cladding 
thickness of the fuel plates. Figures 
ke U**> atom 
density with the number of plates as a 


Phe 
ke. is a function of 
density of U? 


infinite multiplication 
the 


atoms/cm), 


la and lb give vs. 
parameter for 15-mil and 20-mil clad- 
thicknesses (The 


5-mil variation in cladding produces 


ding respectively. 
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only about 0.3% difference in kw.) 
The U2** atom density N25 (in units 
of atoms/em* X 10~*4) is 


_ total gm U** 


Nos = x 0.6975 X 10-6 


(2) 


where N is the total number of fuel 
elements of all types in the core. 

The second quantity on the right of 
Eq. 1, migration area M?, is given in 
Fig. 2 as a function of the number of 
fuel plates per element and the plate 
thickness. M? is the sum of a Fermi 
age and a thermal diffusion area. 

The buckling B*, more difficult to 
present simply, is assumed to follow 
the relationship 


2.405 \? 
B? “D> un BE even 0.00177 (3 
(em?) (: rm :) + ) 


where 6 is the radial reflector savings 
and r is the radius of the configuration. 
We determine r by the equation 


r (cm) = 15.68 N/N, (4) 


where N is the number of elements in 
the core and N, is the number of 
element sides forming the perimeter 
of the assembly. The radial 
reflector savings 6 is given in the table. 

The method is known to be valid for 
a solidly constructed core—one in 
which no elements have been omitted 
from the center of the array. This 


core 


holds even for somewhat irregular 
arrays and for cores with one or two 
elements outside a square array. The 
validity has not been verified for cores 
that have large water volumes enclosed 
within the core. 


Sample Calculation 


To demonstrate the simplicity of the 
method, we will calculate k.~ for the 
operating core of the Lynchburg Pool 
Reactor. This core has a 4 by 4 array 
of parallel-plate elements with 10-plate 
standard elements. Each plate has a 
20-mil meat thickness with a 15-mil 
aluminum clad on each side. The 
total loading is 2,622 gm of fully 
enriched U**5, 

In this arrangement, N = 16, N, = 
16, and Ns; = 0.000114. From Fig. 1, 
k». = 1.650. From Fig. 2, M? = 48.15. 
In the B* equation r = 15.68, and 
from the table 6 = 6.7; thus, B* = 
0.0133. 

Substituting these values in Eq. 1, 


if 1.650 
1 + (48.15)(0.0133) 





kets and 1.0058 
The measured value at the reactor was 
1.0064 + 0.001. Experimental checks 
of method against many other critical 
cores have given results of similar 
accuracy. 

We have shown in the example how 
to calculate k.q but any of the other 
parameters could be found by assuming 
a particular ky» value. 
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Reducing Radioactivity 


Buildup of long-lived radionuclides on primary-system surfaces 


can make operation and maintenance difficult. 


SM-1 experience 


indicates some design considerations that could minimize buildup 


By WILLIAM S. BROWN and CARL A. BERGMANN, ‘Alco Products, Inc., Schenectady, New Y ork 


BUILDUP OF LONG-LIVED gamma activ- 
ity in the primary coolant system has 
studied in pressurized- 


been many 


water reactors (1). The main concern 
is with neutron activation of reactor 
structural materials and transport of 
the activity through the primary sys- 
not with fission-product releas« 
In particu- 
lar, measurements in the SM-1 (for- 
merly APPR-1), the Army Package 
Power Reactor, are useful for indicating 


tem 
by defected fuel elements. 


the mechanisms of activity buildup, the 
effect on reactor operation and aspects 
of system design that should be con- 
sidered for minimizing buildup. 
Major factors participating in the 
buildup process are corrosion of  pri- 


mary-system materials and corrosion- 


Cr? (n, 7) cr*! 


Fe™* (n, p) Mn°4 


After extended 
radionuclides 


product at position, 


reactor operation, sus- 
pended or dissolved in the coolant con- 
tribute relatively little to the activity 
levels in comparison with surface de- 
posits.) Transport mechanisms prob- 


crud from several 


it to several sinks 


ably introduc 
sources and remove 
Sources of 


simultaneously. activity 


include corrosion-product release from 
in-flux components and activation of 
crud deposits in high-flux regions and 
covrosion products in the circulating 
coolant. Crud sinks include the purifi- 
cation system, crud traps and the out- 
of-flux surfaces of the system. 

On the basis of these mechanisms, the 
degree of activity buildup is a function 


of several parameters (Fig. 1): the ex- 
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SOURCES AND SINKS of radioactivity buildup in pressurized-water reactor. 


Neutron activation can produce radioactive nuclides in the core, which are then released 
to primary coolant by corrosion; out-of-core corrosion products are transported to in-flux 


region and then activated. 
throughout primary system 
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Radioactive coolant impurities from all sources are deposited 


corrosion of primary-system 


tent of 


materials, nuclear characteristics of 
core and structural materials, coolant 
chemistry, primary-system geometry, 
and transport and deposition mecha- 
nisms. The 


parameter affects activity buildup is 


extent to which each 
unknown, which makes the prediction 
of radiation levels in the primary sys- 
tem difficult. 

The radiation level on primary-sys- 
tem surfaces is proportional to (a) the 
specific activity of the nuclides in the 
corrosion-product film and (b) the film 
thickness. The film thickness, in turn, 
is related to the amount of corrosion of 
the primary system and the transport, 
deposition and erosion of the corrosion 
products. The specific activity of the 
crud depends on such parameters as 
the relative amounts and half-lives of 
the radionuclides. 

The SM-1 differs from other oper- 
ating pressurized-water reactors in that 
the entire primary system, including 
fuel cladding, consists of type 304 stain- 
Thus, the major long-lived, 
gamma-emitting nuclides are Cr®*!, 
Mn, Co, Fe®? Co® (2). In 
a zirconium-containing reactor, such as 


less steel. 
and 


Shippingport, Zr®’ and Hf'*! would also 
be present (3). Our discussion is based 
on a stainless-steel system. 

After 17 months of SM-1 operation, 
a 50-83-mg/dm? corrosion-product film 
was deposited on primary-system sur- 
faces. Radiation levels external to the 
piping due to this radioactive film were 
60-70 after shutdown. 
Higher radiation levels occurred where 


mr/hr 24 hr 


crud collected in stagnant or low-flow 
areas. After two years of operation, 
Co™ and Co*® accounted for ~80°% 
of the 


9 


(Fig. 2). 


long-lived gamma _ activity 


July, 1960 - NUCLEONICS 





Buildup in PWR’s 


Buildup Mechanisms 


Mathematical equations have been 
derived by several investigators to de- 
the activity-buildup 

Because of the complexity of 
diffi- 


simplifying assumptions have 


scribe over-all 
process. 
the process and mathematical 
culties, 
been made when considering the mech- 
anisms in a particular reactor. These 
are discussed in detail later in this 
article. 

Recently, Yerazunis ef al. (4) pro- 
posed a comprehensive multiple-mech- 
anism theory of activation. 
The theory includes the concept of ac- 
tivity transport by molecular diffusion 
as well as by particulate exchange be- 


tween permanent and transient layers 


system 


of the crud film (permanent layers are 
adherent, and transient layers are sus- 


The dif- 
ferential equations describing the multi- 


ceptible to coolant erosion). 


ple activation process have been coded 


for digital-computer solution. Com- 


parison of 


tivities from in-pile loop tests and the 


measured and calculated ac- 


S3G reactor supports the theory. 

The contribution of each activity 
source to the total system activity 
depends on the location and composi- 
tion of the reactor materials. For 
example, in the SM-1 ~ 75% of the 
cobalt is located in the high-flux areas, 
which is accounted for by the Haynes- 
25-alloy neutron-flux suppressors and 
the cobalt impurity in the stainless 
steel. For this the major 
source of Co® is assumed to be the 
release of activated corrosion products 
in the in-fluxareas. Cobalt-60 buildup 
calculated on this basis agrees with the 
measured buildup. On the other hand, 
for plants that have a relatively small 


reason, 


proportion of in-core stainless-steel 
surfaces (such as the Naval reactors), 
the measured levels of Co® cannot be 
accounted for solely by the activation 
in-flux steel 

For this reactor type, cal- 
culaticns have that 
rosion products transported to the 
in-flux areas are the major source of 
Co. The difference in the major 
activity sources of the different reactor 
types does not necessarily imply that 


f the stainless com- 


ponents. 


confirmed cor- 
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the same activation mechanisms are 
not being followed. Thus, in the 
SM-1, the contribution of Co® by 
out-of-flux corrosion products is prob- 
ably masked by that from the in-flux 
surfaces. 


Buildup Calculations 


Early mathematical models proposed 
to describe induced activity buildup 
were based on simplifying assump- 
tions. It was assumed that most of 
the total system activity was activated 
corrosion products released from in- 
core surfaces. One assumed 
that all activated corrosion products 
deposit on the primary-system sur- 
Others included the loss of 


model 


faces (8). 


nuclides to the purification system (6), 


the effects of recoil and crud activation 
while circulating through the 
(7, 8) and the re-release of crud from 
the system walls (9). Calculations 
based on a constant weight of de- 
posited crud film and its relationship 
to the activity of the waterborne crud 
also have been reported (10). 

Later models included the activation 
of out-of-core corrosion products that 
deposit on in-flux surfaces (4, 11). 

Mathematical equations have been 


core 


BUILDUP of principal nuclides in SM-1 primary-system deposits 


derived to describe the activity buildup 
in the SM-1 (2). Assumptions used 
in the derivation and numerical values 
for constants in the equation were 
based on experimental data. As shown 
in Fig. 3, Co® becomes the significant 
contributor to total dose rate after 
about 12 months of reactor operation. 
The calculated dose rates on the pri- 
mary-system walls show good agree- 
with observed on the 
steam-generator baffle plate. Theory 
for buildup of Co®*, Mn*4 and Co® also 
agree well 
metal test specimens exposed to the 


ment those 


with the observations on 


coolant. 

The mathematical expressions used 
to calculate activity buildup have 
certain limitations: 

1. Chemical-radiochemical data are 
required to evaluate certain constants 
or coefficients used in the equations. 
Constants for reactor, 
however, may not be applicable for 
accurate prediction of activity buildup 
in another reactor system. 

2. Reported (n,p) cross sections (for 
production of Mn** and Co**) vary by 
a factor of four; for precise results, the 
product of cross section and flux (¢¢@) 
should be experimentally determined 
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obtained one 








for the reactor being considered. 

3. It is inaccurate to assume a 
constant corrosion-product release rate. 
Based on experimental data from the 
SM-1 (2), the release rate of 304 stain- 
less steel, under SM-1 operating con- 
ditions, apparently is not constant. 
In a long-term analysis, it may be 
valid to assume a constant release 
rate; however, good agreement with 
data obtained early in the operation of 
a reactor would not be expected. 

4. The validity of assuming a con- 
stant deposition probability is question- 
able. Experimental evidence indicates 
that the deposition rate in the SM-1 is 
not steady (2). 

5. The equations do not consider the 
effect of reactor design and operating 
parameters, e.g., primary coolant flow, 
temperature and chemistry. For ex- 
ample, SM-1 surfaces exposed to water 
at 430° F showed greater activity than 
those exposed at 120° F. Activity 
levels have been found greater on the 
inlet surfaces than on the outlet 
surfaces of the steam generator in 
SM-1 (2) and 83G (4); this effect may 
be due to the temperature difference, 
heat-transfer effects, variation in crud 
concentrations through the steam gen- 
erator or other factors. Coolant chem- 
istry also would be expected to affect 
activity buildup. Corrosion product 
release rates of metals at different pH 
would be expected to vary, and the 
adherence of deposits at various pH 
values might be different. 

6. Existing methods for calculating 
radiation levels for complex geometries 
are not adequate. For example, cal- 
culated dose rates at the tube sheet of 
the SM-1 steam generator were a factor 
of five lower than the observed values 
due to the complex geometry of the 
steam generator and inaccuracy of 
available equations. 


Effects on SM-1 Operation 


After nearly two years of operation 
of SM-1, radiation levels at the inside 
entrance of the vapor container 24 hr 
shutdown are approximately 
Although certain ‘“‘hot 

increased to 2.5 r/hr, 


after 
40 mr/hr. 
spots” have 
maintenance activities have not been 
seriously hindered. Several special 
research and maintenance activities, 
however, have needed careful planning 
to avoid overexposure to personnel. 
No one has received a dose beyond the 
limits set by the AEC. 
Effect on research. 
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The greatest 


personnel exposures from primary-sys- 
tem components occurred when meas- 
uring the short-lived activity immedi- 
After a 
year of reactor operation, doses to 
personnel were checked frequently to 
that 


Since 


ately after reactor shutdown. 


assure 50 mr/day was not ex- 


ceeded. immediate access to 


the primary system for maintenance 


has not been required, short-lived 


activity has not so far been a problem. 
Metal test samples inserted in the 
primary purification line provided data 


on accumulation of activity on different 
Proximity to crud traps and 
filter has hindered somewhat 


metals. 
a crud 
removal of sample holders. Local 
shielding with lead sheets and rotation 
of personnel have precluded over- 
exposure when removing and replacing 
these specimens. 

Effect on maintenance. 
stances have illustrated the effect of 


radiation levels on SM-1 maintenance. 


Several in- 


At times it was necessary to shield 
the pressurizer-line elbow with 1¥¢-in. 
lead sheets while working on a thermo- 
couple assembly on the steam-gener- 
ator inlet pipe, about 4 ft from the 
elbow. When water was drained from 
the primary system, dose rates at the 
elbow (2 r/hr) decreased significantly 

apparently this displaced accumu- 
lated crud from the elbow. 

After 144 years of reactor operation, 

water box and 
tube sheet were inspected (12). The 
levels re- 


the steam-generator 


anticipated high radiation 


quired careful planning. To make the 
inspection, as well as obtain research 
and development data, 48 men spent 
It is difficult to esti- 
for tube or 


673 manhours. 
mate the time necessary 
tube-sheet repairs. The 


move and reapply the steam generator 


time to re- 


head was about 24 hr, exclusive of time 
fadiation and 


should in- 


required for repairs. 
contamination problems 
crease the time compared with that 
needed to repalr a conventional power 
plant boiler. 

In July, 1958, the circuit breaker 
controlling 4,000-gpm 
primary-coolant pumps opened. In- 
spection of the electrical wiring and 
pump interior showed no defects. The 
radiation level of the impeller and 
shroud, which had been in contact with 


one of the 


the primary water, was about 2 r/hr 
A total of 74 hr was 


spent to disassemble, inspect, assemble 


on contact. 


and test the pump (13). 

Since the SM-1 
training facility, student military per- 
loss of time or 


also serves as a 
have reduced 
overexposure of personnel while per- 
work. 


sonnel 


forming special maintenance 
Package power reactors are designed 
with a 
minimum personnel. In 
this will 


probably increase the complexity of 


to operate at a remote site 
number of 
case, the activity levels 
and time required for special main- 
tenance tasks. 

Effect on operations. Activity in 
the primary system has affected reactor 
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compares well with measured values 


CALCULATED increase of radiation levels on SM-1 steam generator baffle plate 
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operations in several areas. 

The time required for primary-water 
sampling is longer than in the case of 
conventional power plants because of 
necessary health-physics precautions. 

Many of the sampling locations are 
in the demineralizer room, where radi- 
ation This 
rapid buildup is due to two factors: 
(a) the demineralizers, which function 
both as a primary-coolant filter and 
demineralizer, accumulated a 
considerable amount of crud; (b) crud 
has collected in certain tees and stag- 
nant portions (‘‘dead legs’) of the 
purification piping. After a year of 
operation, radiation levels near some 


levels have increased. 


have 


of the dead legs were about 2 r/hr. 

A sintered stainless-steel filter, which 
is located downstream of the de- 
mineralizers to remove resin fines and 
small crud particles, at times reaches 
6 r/hr. To be cleaned, the filter is 
placed behind lead bricks and boiled 
in hot water and acid for several hours. 
The radiation level is generally reduced 
to 200 mr/hr. Some radioactive parti- 
cles have passed through this filter and 
settled on the bottom of the primary 
make-up tank, increasing radiation 
levels at this point to 200 mr/hr. 

Except in the areas mentioned (and 
in the vapor container), other parts 
of the power plant are free of radiation. 
No detectable dose rate has been found 
in the control room, turbine room or 


electrical room. 


Buildup Reduction 


Expe rience gained in the operation of 
pressurized-water reactors has revealed 
certain areas in which improved design 
should reduce activity buildup. Fur- 
ther experience should reveal addi- 
tional areas. 

Core-materials selection. Materi- 
als that yield long-lived gamma emit- 
ters upon irradiation should be mini- 
mized or avoided. For example, 
Haynes-25 alloy is used as a flux 
suppressor in several of the SM-1 fuel 
elements; the alloy is 50% cobalt, 
which is undesirable. Although the 
surface area of the material exposed to 
the coolant is relatively small, a major 
part of the Co® in the SM-1 is thought 
to originate from this alloy. 

Specification of impurities. Acti- 
vation of impurities in stainless steel 
must also be evaluated. However, to 
evaluate the effects of the impurity 
levels of in-flux materials, it is necessary 
to determine the activity level of 
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unavoidable nuclides (arising from 
basic constituents of stainless steel) 
such as Co®’, Fe®®, Mn*tand Cr. The 
specification of extremely low im- 
purity limits may not be justified. 
Stainless-steel impurities can be re- 
duced to such a low level that their 
contribution would be insignificant in 
comparison with the contribution from 
the unavoidable nuclides (14). 

Selection of impurity levels depends 
on the cost of materials and the result- 
ing reduction in activity levels. There 
is a practical lower limit for impurities 
below which only a slight reduction in 
dose rate is possible at much greater 
material cost. Pancer and Zegger (14) 
found a practical lower limit of 0.02% 
cobalt. 

A number of steel companies have 
offered to supply special heats of low- 
impurity-content stainless steel. Esti- 
mated premiums vary from $0.05 to 
$4.00 per pound over base price. The 
exact price paid for low-impurity 
stainless depends on several factors, 
including the maximum impurity level 
allowable and the amount of steel 
ordered. For a maximum limit of 
0.02% cobalt for type 304 stainless 
plate, one steel mill has indicated a 
price of $2.41/lb. Prices ‘or low- 
impurity steels should decrease con- 
siderably if sufficient demand develops. 

Low-flow areas. Stagnant or low- 
flow areas in the reactor primary 
system, which act as “crud traps,” 
should be avoided. Unavoidable traps 
should be provided with drain or 
bleeder connections to flush out crud 
accumulations. A possibility is put- 
ting the tap-off to the primary by-pass 
purification system in a_high-crud- 
concentration area. 

Out-of-core materials. Although 
the use of materials other than stainless 
in out-of-flux areas will probably affect 
activity buildup, the magnitude of the 
effect is not yet certain. In studies 
we conducted (2), Croloy 16-1 test 
coupons accumulated about 3 times 
more activity than type 304 
coupons when exposed to SM-1 coolant. 
Inconel is being considered for steam 
generators and piping in pressurized- 
water reactors; because of the high 
nickel content of this alloy (and corre- 
spondingly high cobalt content), its 
effect on system activity is important. 
Lack of operating data makes it dif- 
ficult to estimate the effects of large 
out-of-core Inconel surfaces on activity 
buildup (18). 


8.8. 


Solomon and Vogel (11) have re- 
ported in-pile loop studies in which 
surfaces in the out-of-pile section of 
the loop consist of 44 Inconel-34 
stainless steel. Results indicate that 
the radiation field of this loop would 
be 6% greater after three years of 
operation than a loop with all out-of- 
core surfaces of stainless. For a loop 
of 34 Inconel—}¢ stainless, extrapola- 
tion would give a 22% higher activity 
after three years of operation than an 
all-stainless loop. 

Coolant chemistry. High coolant 
pH, it has seen suggested, would reduce 
corrosion rates and reduce the release 
rate of crud from the core. The 
effects of coolant chemistry on activity 
buildup, however, are not completely 
known. For example, activity data 
have not been obtained on a pres- 
surized-water reactor with stainless- 
steel-clad fuel elements and coolant at 
high pH (9.5-10.5). The SM-1 is 
operated at a nominally neutral pH 
(7-8). 

~ * * 


Experimental data was obtained for the 
Army Nuclear Power Program under U. 8. 
Atomic Energy Commission contract AT (30- 
3)-326. 
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APPLIED 
RADIATION 
CASE HISTORY 
NO. 5 


for greater inlet temperatures to promote greater efficiencies. 


Radioactive Gages 


Gas-turbine engines for airplane propulsion make ever-increasing demands 
The eventual 
limit is the melting temperature of metal parts. After metallurgists have done 
all they can to improve their alloys, a further improvement is to cool blades 
and vanes by running air through them. One way is to cast hollow vanes and 
blades; another is to drill cooling passages through solid ones. 

This air cooling creates a new problem: After you have made an air-cooled 
member, how do you measure the thickness of its surfaces, already designed 
as thin as possible to make them light? The two stories that follow are two 
answers to this question. One group of engineers fills hollow castings with a 
radioactive liquid and finds thicknesses by measuring gamma transmission. 
Another puts a radioactive probe into cooling passages and measures beta 


transmission as probe and detector scan together. 


I. Liquid-Source Gage for Hollow Blades and Vanes 


Turbine blade 


Collimated 
G-M tube 


Radioactive 
solution 


FIG. 1 


HOLLOW TURBINE BLADES and vanes, 
recently added to the design of a tur- 
bine-propeller airplane engine, pose the 
problem of how to measure surface 
thicknesses without destroying the 
specimen. If the cores shift during 
casting, the blade or vane may be too 
weak to use. 

Our answer to the problem is to fill 
the specimen (blade or vane) with a 
liquid solution of a gamma-emitting 
nuclide and count the photons that 
escape with a narrowly collimated mini- 
ature G-M counter (Fig. 1). Using a 
jig that accurately positions the detec- 
tor, we measure transmission at 12 
selected points on each specimen. 
Measurements with metal wedges tell 
us the shape of a standard curve that 
gives counting rate as a function of 
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To find out whether a complicated casting is thin enough to be light, 
thick enough to be strong, fill it with a gamma-emitting solution 
and measure transmission at appropriate surface points 


By WILLIAM J. MAYER, WALTER H. LANGE 
Research Laboratories, General Motors Corp., Warren, Michigan 


and WILLIAM L. SHELLY 


Allison Division, General Motors Corp., Indianapolis, Indiana 


thickness. 
in any batch gives us calibration fac- 
tors that relate the standard curve to 
the source specific activity and the 
geometry at of the sampling 
The thicknesses we measure 


Sectioning a few specimens 


each 
points. 
with our liquid-source gamma-gaging 
technique are generally within 3-10% 
of optical measurements of sectioned 


specimens. 


Turbine Design 


A gas-turbine engine consists of a 
compressor, which increases the pres- 
sure of incoming air; a combustion 
chamber, which heats and expands the 
air at constant pressure; and a turbine 
to extract energy. Ina pure jetonlya 
little of the energy drives the turbine; 
most of it provides forward thrust from 


the recoil of exhaust gases. Ina turbo- 
prop like the Allison T-56, 80-90% of 
the power drives a geared propeller, and 
only the remainder provides recoil. 

We are concerned with the turbine 
assembly, a wheel with a number of 
turbine called 
““buckets’’) and a stator with turbine 
vanes that deflect hot combustion gases 
to the wheel. Although most blades 
and vanes are solid, a new design, in- 


blades (sometimes 


tended to increase the power of the 
T-56, has hollow ones in the first stage. 
Coolant gases flowing through vanes 
and blades enable introduction of hotter 
combustion gases than otherwise. 

The new vanes and blades, as shown 
in Fig. 2, are made with posts between 
their walls by casting a high-tempera- 
ture nickel-base alloy, GMR-235, into 
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for Air-Cooled Turbine Blades 


If the 
vari- 
We 


wall-thickness measure- 


a mold with a ceramic core. 

core shifts when pieces are cast, 
ations in wall thicknesses result. 
had to 


ments to complete the development of 


have 


the engine. 
Because of the external geometry 
and internal construction of blades and 
vanes we could not make mechanical 
measurements or usual types of non- 
destructive tests. 
When the 


eral Motors Research Isotope Labora- 


problem came to the Gen- 


tory, we decided after some preliminary 
experimentation that a liquid-source 
method would probably work. A spe- 
that it offers the 
versatility required in the event of de- 


cific advantage is 


sign changes in blades or vanes. 


Nuclide and Detector 


\s a radiation source we wanted a 
gamma emitter with a photon energy 
that would produce a maximal change 
of signal for a minimal change of wall 
thickness. 
narrow-beam absorption gave us a pre- 


this we 


Theoretical calculations of 


liminary guide. Using con- 
sidered possibilities from the 
General Electric Chart of the Nuclides. 


After we had chosen Sm!*%, experimen- 


several 


tal measurements with step wedges of 
GMR-235 confirmed our judgment. 


Photon energy. Since our measure 


mle be hid Tt) 
6 pal bi 


FIG. 2. 


of thickness is really our change in 
counting rate, one,criterion for the best 
gamma energy is that it provide a 
maximal change in fractional absorp- 
tion when the thickness changes from 
the minimum in which we are inter- 
ested to the maximum. Using sym- 
bols we state that the following expres- 
sion shall have a maximum: A(J/J») = 
e~0-010% — e-0.06% (7 = transmitted 
intensity; Jo = incident intensity; u = 
absorption coefficient in reciprocal 
inches; 0.010 and 0.050 are maximal 
and minimal thicknesses in inches.) 
Because it gave us a useful, readily 
computed approximation, we plotted 
A(I/TIo) as a function of energy (Fig. 3), 
assuming narrow-beam geometry and 
monoenergetic photons. Since yw as a 
function of energy is not known for 
GMR-235, we used values for copper 
(densities and effective atomic numbers 
are about the same). The figure indi- 
sates that 55 kev is the best energy. 
Nuclide. A nu- 


clides shows that several can be used; 


search among the 


among them are the following: 


Half- 
life (days) 


Major photon 
Nuclide energy (kev) 
Tm?7° 84 129 
Sm !45 61 365 
Sm!53 103, 69 1.95 
Pdi 88 0.57 
Cd 87 475 


S|. en 8 “by 


HOLLOW TURBINE BLADES AND VANES hove posts between two surfaces. If 


casting core shifts, surfaces may be too thick for cooling or too thin for support 


Vol. 18, No. 7 - July, 1960 


Considerations of cost, availability, 
half-life and chemistry led us to Sm?** 
as best suited to our purpose. 

Although the gamma energies of 
Sm!*’ appear to be rather large, meas- 
urements confirmed our feeling that the 
effective energy for absorption pur- 
poses is much lower than primary pho- 
ton energies. The 103-kev and 69-kev 
photons of Sm*** are emitted in the 
ratio of 4.25 to 1, respectively; aver- 
aging gives an effective energy of ~101 
kev. But counting geometry, scatter- 
ing processes and variation of detector 
efficiency with energy imply a much 
smaller effective energy. We plotted 
absorption of Sm!** gammas as a func- 
tion of thickness of GMR-235 and 
found an absorption coefficient corre- 
sponding to 60 kev, close to the ideal. 

We get our samarium in a standard 
irradiated unit available every Monday 
from Oak Ridge Nationai Laboratory. 
The target, which costs $15 plus $23 
irradiation charge, is contained in an 
aluminum tube and consists of 0.03 gm 
of Sm.O;. After irradiation it con- 
tains ~50 me of Sm!" activity. 

After we receive it, we add some 1 M 
hydrochloric acid to the aluminum tube 
to dissolve the Sm.O; and then add 
more 1 M hydrochloric acid in a volu- 
metric flask to bring it to volume. 

One thousandth of a per cent of 
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FIG. 3. MONOENERGETIC ABSORPTION 
curve shows 55 kev is best photon energy 
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FIG. 4. JIG HOLDS G-M COUNTER AGAINST BLADES AND VANES at selected points. 
Transmission of gammas from liquid source inside specimen indicates whether thickness 
matches calibration obtained from sectioned samples 
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FIG. 5. TWELVE COUNTING POINTS, SIX ON EACH SURFACE of each blade and each 
vane are chosen to show operator whether core has shifted during casting. If it has, trans- 
mission will be too great at some points, too small at others. Pattern usually has enough 
detail to show nature of any core shift. 12-point examination takes 7—8 min 
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polyoxyethylene sorbitan monolaurate 
(Tween 20) serves as an effective wet- 
ting agent and prevents air-bubble for- 
mation. After a blade or vane has 
been sealed at one end with double- 
faced adhesive tape, the 10-mc/ml 
samarium solution is injected through 
the open end with a 3-in. 22-gage hypo- 
dermic needle. 

Detector. After we had considered 
two other types, we chose for our detec- 
tor a small lead-collimated G-M tube 
(Anton 222, 0.35 in. diameter, 2.7 in. 
long, 700 volts). The tube is a rugged 
beta-gamma detector with a 1.4-mg, 
cm? window; preliminary tests showed 
us that it has a small background and 
a fairly wide plateau. Although its 
efficiency for Sm'** gammas is probably 
much smaller than that of other detec- 
tors, by adjusting the concentration of 
our source we get a good enough signal- 
to-noise ratio to ensure good statistics 
in l-min counts. A }¢-in. collimating 
hole gives us good enough spatial 
resolution. 

Because it has large efficiency for 
gamma radiation, we considered a 
thallium-activated sodium iodide crys- 
tal. Size was a problem; the smallest 
commercial photomultipliers at the 
time were 3 in. in diameter and would 
require a specially made crystal. 
Moreover if we adapt our method to 
production, temperatures will be bad 
for photomultiplier operation. 

The jig shown in Fig. 4 holds our 
detector against six selected points on 
each surface of a blade or vane (Fig. 5). 


Measurement 


An unusual aspect of this gaging 
problem is that source activity at 
different measurement points is not 
constant because of nonuniform in- 
terior shape. Thus we cannot use a 
common transmission curve to deter- 
mine thickness from counting rate; 
indeed such a procedure would require 
24 such curves. Since the radiation is 
of constant quality but varying quan- 
tity, all of these curves would be 
parallel. We find it easier and more 
expedient, therefore, to use what we 
term a “primary” transmission curve 
(Fig. 6) determined by absorption 
measurements with Sm! and GMR 
235 wedges. We then compute a cali- 
bration factor for each measurement 
position so that it is only necessary to 
multiply each counting rate by the 
appropriate factor to use the single 
curve for all thickness determinations. 
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4 
Thickness (mils) 
FIG. 6. MASTER CALIBRATION is shifted 
in sections, one for each point 


We compute calibration factors from 
measurements on standards, a number 
of processed vanes, chosen at random, 


sectioned and measured optically. 
With later shipments of samarium we 
merely adjust the curve according to 
specific activities of prepared solutions. 

In two glove boxes side by side we 
fill blades and vanes and count them, 
Counting times vary with specific 
activity, but the usual interval is 1 min 
for each point. After examination we 
decontaminate blades and vanes by 
soaking them for a short time in dilute 
hydrochloric acid. With two detec- 
tors a 12-position examination can be 
completed in 7-8 min. 


Results 


When we wanted to test the accuracy 
of our method, we used both gamma 
gaging and optical measurement of 


sectioned samples to find thicknesses 
in three blades and three vanes. 01 
the 72 points at which we made com- 
parisons, only five showed discrepancies 
greater than 10% (points 4 and 6 on 
one blade; points 3, 4and 6 on another). 
All these points are at trailing edges, 
and since thickness changes rapidly 
there as a function of position, slight 
errors in location of the optical meas- 
urements may cause the discrepancies. 

It is interesting to observe core shifts 
in some specimens. For example, in 
one blade, measurements at positions 
2, 4 and 6 indicate that the surface is 
thicker toward the base on the concave 
side, and measurements at positions 7 
and 11 show that it is thinner toward 
the base on the convex side. 


ll. Scanning Beta Gage for Cooling-Channel Walls 


Turbine blade 


Radioactive probe 


SP 


Crystal 








FIG. 1. 
placed in blades to pass cooling air. 
source to test thickness of channel walls 
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Photo- 
multiplier 


Using a modified medical scanner, engineers trace wall thicknesses 


by inserting a beta-emitting probe into cooling channels and 


recording counting rates from a stilbene scintillator 


By HERBERT E. FARMER 


General Electric Co., Lynn, Massachusetts 








MOVING BETA-EMITTING PROBE AND DETECTOR scan length of cooling channels 
Stilbene scintillator counts particles from Sr®*°-Y*° 


For atr-cooLep turbine blades de- 
veloped by our Flight Propulsion and 
Jet Engine departments, we need an 
instrument to make quick, accurate, 
nondestructive tests of cooling-passage 
wall thicknesses. The system we have 
developed is a scanning beta gage. 
After a blade is clamped in a test posi- 
tion, a radioactive probe and a detector 
move forward together (Fig. 1). The 
probe goes into the channel under test, 
while the detector passes under the 
blade. As the system scans the length 
of the blade, the counting rate deter- 
mines whether wall thickness is within 
specified limits. 


Gage Design 


The passages we measure, visible in 
Fig. 2, are 3-7 in. in length and 50 or 
60 mils in diameter. In one of our 
buckets the nominal thickness is 30 
mils, and tolerances are +0 and —20 
mils. We could find no commercial 
gage adaptable to the problem. 

Probe. Our source of beta particles 


is 0.3-0.4 mc of Sr®-Y* in the end of a 
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FIG. 2. COOLING PASSAGES IN BLADES are 3-7 in. in length, 50 or 60 mils in diameter. 


One example of a nominal thickness is 30 mils. 


Scanner traces counting-rate curve along 


channel; operator compares with standard curve 


hollow stainless-steel needle. It is 1¢ 
in. in length and is surrounded by a 
6-mil wall. For 60-mil passages we 
use a 50-mil-o.d. needle; for 50-mil 
passages, a 40-mil needle. 

The probe is prepared as are inter- 
stitial needles for radiotherapy. After 
a 4¢-in.-long, 0.040-in. diameter cera- 
mic slug has absorbed 10 wl of 30- 
curie/liter Sr*° solution, it is placed 
1¢ in. from the needle tip. 
detector distance, which is critical, is a 
half inch, the minimum value for which 
an edge of the bucket will not touch 
the detector. 

A Lucite the 
probe, which is held in an adjustable, 
flexible mount. So that the probe 
enters the proper passage as it 
vances, a template-and-pantograph 
Rota- 
tion about an axis puts the blade in one 
180 


Our probe- 


housing surrounds 


ad- 
lever system aligns the blade. 


of two positions separated by 
deg; levers move it vertically and 
horizontally. 
Detector, scanner. 
a l-in.-diameter by (¢-in.-thick stil- 
bene scintillator shielded by a 30-mil 
collimator with a -in. hole 
coupled to an RCA 6655 photomulti- 


Our detector is 


and 


S 
wn 


uo 
t Ae Bae | 


Counting Rate (cpm) 


pli r. From this the signal goes by 
ratemeter to 
recorder or a go-no-go con- 
modified 


way ol a 
either a 
trol. A 


Scanner moves the whole assembly at 


precision 


Tracerlab Tracer- 


~} In/min. 


Accuracy 


Although the complexity of our 


geometry make ~ good calculations 


impossible, we made simple assump- 


tions to compute the source strength 
required for 
thickness 


ponential 


+ 0.2-mil accuracy in our 
With ex- 


minimum 


measurements. 
the 
one can detect, 


absorption 
thickness difference 
Az, is related 
rate n, confidence level K, absorption 


coefficient 


as follows to counting 


uw and electrical time con- 
stant 7: Az K 

After we had built the system, we 
calibrated it by 
rates with thicknesses measured by 
method. To 
also to check our accuracy we scanned 


u(2rn) (1). 
comparing counting 


another calibrate and 
13 channels in each of three blades, 
sectioned the blades at five places, 
measured thicknesses at each end of 
each section with a traveling micro- 
and compared values. 


scope 


5- 


Counting Rate (IO*cpm) 





Thickness (mils) 
FIG. 3. 
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32 36 


CALIBRATION PLOT of thickness against counting rate 4. 
has breaks at maximum beta range and backscattering limit 


As you see in Fig. 3, our experi- 


mental calibration has two 


breaks. 


able thickness the curve becomes flat, 


curve 
Beyond the greatest measur- 


indicating that this break corresponds 
to the greatest useful range of the Y%” 
2.26-Mev 
tion shows that monoenergetic 2.26-Mev 
150 mils in 
Since our metal is 2.9 


beta particles. [Computa- 


electrons have a range of 
aluminum (2). 
times as dense as aluminum, we antici- 
pate a maximum useful range of 
50 mils.] 


and the continuum of energies in the 


Self-absorption in the source 


beta spectrum probably shorten our 
maximum useful penetration to the 
42 mils of the second break of Fig. 3. 

The first break is probably explained 
by saturation backscattering. 

By statistical analysis of 117 paired 
beta and optical thickness measure- 
ments on our three sample blades, our 
accuracy at the 95% confidence limit is 
the 
20-27 mils and ~ +3 mils in the range 
27-41 The 
sion that counting statistics 
+0.3 miland +1.3 mils in 

The rest of our error is 


~+2 mils in thickness range 


mils. theoretical expres- 
shows 

account for 

these ranges. 
doubtless caused by instabilities and 
our multiple-hole configuration. 

Since our present accuracy is good 
enough to do the job, we have not 
made a careful investigation of con- 
tributing errors although several im- 
provements are available if we need 


greater accuracy. For example, we 
have made only one calibration curve; 
the complexity of our geometry makes 
plain that a calibration for each pas- 
That our 


precision, measured by repeatability, 


sage would be appropriate. 


is good is shown by Fig. 4, which we 


regard as our worst case. 
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FIG. 1. PROPORTIONAL-COUNTER 
PLATEAUS for 4,000, 8,000, 22,000 and 
35,000 cps from Sr® sources. Plateaus are 
> 200 volts long; slopes are <0.2% per 
100 volts 
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Transistor Amplifier for 
Fast Proportional Counting 


By JOHN B. S. WAUGH* and ROY W. NICHOLSON 
Atomic Energy of Canada Ltd., Chalk River, Ontario 


A transistor amplifier, developed at 
Chalk River for exacting standardiza- 
tion work with 47 beta flow counters, 
has counting-rate plateaus over 200 
volts long with slopes less than 0.2% 
per 100 volts (Fig. 1). 
performance at repetition rates up to 
50,000 cps has not been previously 


Comparable 


reported. Current-pulse amplification, 
permitted by the wide-band transistor 
circuits, makes the fast counting rates 
feasible. 

The faster counting rates possible 
with proportional counters (their dead- 
that of G-M 
useful for 
measuring total source activity. Such 
counters are generally used in the 


smaller than 


makes 


time is 


counters) them 


region of high gas multiplication for 
detecting low-energy particles. 

The main problem in such a system 
is that high-energy particles produce 
large output pulses, which heavily over- 
Plateaus 
with steep positive or negative slopes 


load the electronic system. 


at high counting rates often result; 
the former are usually caused by in- 
sufficient sensitivity in the amplifier- 
the other 


a region of negative slopes is 


discriminator system; on 
hand, 
thought to be mainly due to an exten- 
the after 
heavy overloading. 

For 
as the 


sion of system deadtime 
a standardization system such 

described here, plateau 
0.1% per 100 volts are 
desirable at rates up to 50,000 cps. In 
bandwidth and 


one 


slopes of 


addition to adequate 
gain, deadtime should be about 1 psec 
to keep counting-loss corrections small. 


Signal-Pulse Formation 

The 
gas-filled counters is fairly well under- 
stood (1-4). In the normal 
counter, a primary 
event initiates an avalanche of charge 
in the high ele« 


fine-wire 


pulse-formation mechanism in 


propor- 
tional ionizing 
field close to an 
electrode. In the 
charge induced on 


tric 
internal 
usual system, the 
* PRESENT ADDRESS: Research School of 
Australian National 
A.C.T., Australia 


Physical Sciences, 


University, Canberra 


this electrode produces an output 
voltage pulse equal to Q/C, where Q 
is the induced charge and C is the 
capacitance of the output electrode 
system (including input capacitance 
of the associated amplifier circuit). 
Preoccupation with voltage pulses 
stems from the high input impedances 
of earlier electronic amplifying devices. 

Transistors, on the other hand, have 
comparatively low input impedances, 
which 


pulse 


suggests feeding the current 
(= dQ/dt) the 
counter into a low-input-impedance 
current amplifier. 
amplitude, as shown by Fig. 2, returns 


produced by 
The current-pulse 


to zero by the time the voltage pulse 
reaches its maximum value. 

Direct amplification of the short- 
duration current pulse aids in obtain- 
ing smaller deadtime, thereby allowing 
operation at greater counting rates. 
We therefore investigated low-input- 
impedance current amplifiers with 
effective overload protection for this 


applicat ion. 
Circuit Details 


As shown in Figs. 3 and 4, the input 
stage is a peak-current limiter con- 
sisting of diodes CR1,2 
R1,2. In the 
suggested by Goulding (5), a current 
of 50 wa is defined in CR2, and a 
smaller current, ~ 10 ua, flows inCR1. 
Negative input signals tend to turn 
CRi on CR2 off. The 


dynamic impedances change so that 


and resistors 


present arrangement, 


and diode 


CR1 shunts large input signals directly 
to ground, while the impedance of CR2 





=Q/C 
R>>2 xlO%C 
C=20x107¢ 





R<<2xJO°VC 
C=20x 1074 


ee eee ete am 


at 
0.3 


FIG. 2. SHAPES of proportional-countet 
voltage (top) and current pulses (bottom) 
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1. PLANO-CONCAVE FACEPLATE 
supports spherically shaped 
forcpaelele|-mielae)eeianieian 

fe)are)co)-)( 101 agelameelii-e dies 


2. DOMED SHIELD 
sar-hemal-s-mee la y-)ebig-me) mershealelel— 
for spherically symmetrical 
electrostatic field 


3. INCONEL SPRING SUPPORT 
assures increased resistance 
Com-jeleler.@-lalemalelecielele 


4. LINEAR DYNODE STRUCTURE 
iS specially designed for 
fast time response 


5. STURDY LEAD WIRES 


result in rugged construction 


6. INTERCHANGEABLE DESIGN 
can be substituted directly 
for many existing 


photomultiplier type 


NEW PHOTOMULTIPLIERS 
FROM CBS LABORATORIES 


CBS LaporaTories new line of photomultipliers are spe- diameter cathodes with visible (S-11) or infra-red (S-1) 
cially designed for counting or scanning applications. response and 10 stages of multiplication; or with quartz 
Unique photocathode geometry and improved linear windows in 2” and 3” diameters with ultra-violet re- 
dynode structure are combined to provide excellent sponse (S-13, Rb, Te or Cs, Te cathodes). Special modi- 
niformity of response across the face of the tube and fications or entirely new structures can be developed 
mely short transit time spread. to order. 
rugged photomultipliers made by CBS Lasora- For technical bulletins describing specifie tube types, 
are available as illustrated above in 2”, 3” and 5” write toCBS LaBoratories, Electron Tube Department. 


HIGH RIDGE ROAD, STAMFORD, CONNECTICUT 
A DIVISION OF COLUMBIA BROADCASTING SYSTEM, INC. 
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FIG. 3. CIRCUIT OF TRANSISTOR AMPLIFIER. Low-input-imped- deadtime and high counting rates. Power supply, at bottom of 
ance transistor stages permit current-pulse amplification with short. diagram, supplies +30 volts 


rises and isolates the amplifier input. switching occurs. in very-low-imped- capacitance and series resistance are 
The limiting action of CR2 is in- ance circuits. However, diodes with required for most effective operation. 
trinsically fast because the current small minority carrier storage, shunt Transistors Q1/,2 form a current 
feedback pair with a gain of 10. Sur- 
face-barrier transistors (type 2N128) 


in this st ge provide the lowest possible 








CRI2 Q1,2 ang Me en Ee og ont Qi2,13,14 , ht 
input peak input stage standor output ae ae ts noise (6), which at present limits the 

current current stage stage — — 
limiter goin x 10 current | current | | ‘nator Fs) driver maximum usable gain 
gain x10 | gainx 10 Transistors Q3,4 form an almost 


i f f f } Li identical stage except for the greater 


4 bias required for the 2N384 drift 


O16 22 {2v f transistors. The phase-advance ca- 
Vinput power supply + 30v a hey pacitor C9 is adjusted for just visible 
. ps 0 


overshoot in the output-current wave- 


* 












































* Note added i! proot): More ecen 
FIG. 4. TRANSISTOR-AMPLIFIER block diagram. Three feedback stages give over-all = work has i enc the 2N393 (a aacichiiae 


gain of 1,000. Maximum output of third stage is 12 volts with rise time of 0.15 usec. All type) to be somewhat superior in this 
stages operate from series-stabilized + 30 volts respect (see referencs 
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,Q, 


4? 





It is 
collector- 


nput olf LOO pa. 
the 
stant by shunting the 


crease 


smaller resistor (e.g., 
bserve the true current 


following (low-input- 


must be removed, of 


the latter three 
output feedback 


age was originally de- 


6.78 
m ; 


1 the 


ible-delay-line amplifier 
& maximum output 
lo for both 
tter of Q4 is biased 


allow 


e with re spect to ground. 


Q5 and combined 


’,8 are near ground po- 
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2N128 
2N384 
2N167 
2N393 
2N440 
2N604 
2N1043 


2N43A 


tential, while the output collectors are 
at about —16 volts. This permits the 
large output-voltage swings without 
approaching either the low-current or 
collector-base-voltage limits for the 
drift transistors. 

Diode CR3 
mine the maximum current that can 
be injected into the emitter circuit of 
Q9, the collector circuit of which 
provides a high-impedance source to 
drive the current-operated discrimi- 
nator (8) consisting of diode CR4 and 
transistors Q10,11. 
threshold is set at about 70 wa, and 
its deadtime is about 1.5 usec. 

The output of the discriminator is 
peaked by ZL, and the positive edge is 


and resistor R3 deter- 


The discriminator | 


FOR AIR, WATER, GAS 


Units or systems to 
solve practically any 
monitoring problem. 
Model AM-33R is the 
first air monitor to solve 
the natural radon prog- 
eny problem by provid- 
ing direct identification 
of long half-life emitters. 


AM-33R $6,580.00 
Others from $1,445.00 


Y ALARM SYSTEM 
This maintenance-free 
“Gammaguard” pro- 
vides an alarm for any 
area where fissionable 
materials are stored, 
used or processed. 
Eliminates central 
power supply. Works 
alone or as part of a 
system. GA-2 $595.00 


Proportional 
Counting Systems 


PC-3A 

$1,395.00 

The only instrument that counts every 
alpha and beta emitted in a 2 pi angle 
from prepared samples. Ideal for 
C-14, Ca-45, P-32 and H-3. No window 
absorption. A four pi model also is 
available. 


GSS-1 $4,180.00 

(Complete System) 

The one system that eliminates “dark 
current” defect. Combines better res- 
olution with greater precision over 
wider range than any other system— 
at any price. Range: 7 kev. to 5 mev. 

All prices are F.O.B. Indianapolis 

PHONE COLLECT (Liberty 6-2415) OR WRITE... 


Nuclear Measurements Corp.. 


2460 N. Arlington © Indianapolis 18, Indiana 


International Office 13 E. 40th St., New York 16, N. Y. 
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7” PLASTIFLUOR, 6292 PHOTOTUBE 
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SYSTEMS, INC. 
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TRADE-MARK 


SCINTILLATION 
PHOSPHORS 


“POPOP” (Scintillation Grade) 
M.P. 245-246° C 
Fluorescence Max. 4200A 


2,5-DIPHENYLOXAZOLE 

(Scintillation Grade) 
M.P. 70-72° C 
Fluorescence Max. 3800A 


ALPHANAPHTHYLPHENYLOXAZOLE 
(Scintillation Grade) 

M.P, 104-106° C 

Fluorescence Mox. 4050A 


p-TERPHENYL (Scintillation Grade) 
M.P. 211-212° C 
Fluorescence Max. 3460A 


1,1,4,4-TETRAPHENYLBUTADIENE 
(Scintillation Grade) 

M.P. 203-205° C 

Fluorescence Max. 4320A 


CADMIUM PROPIONATE, Anhydrous 
M.P. 182-185° C 
Solubility 12g per 100m!. of 1:9 metha- 
nol-toluene 


Available 
Dept. ‘K"’ 
products. 


from stock write to 
for free booklet on these 





INC. 


LORADO 


ARAPAHOE CHEMICALS, 


2800 PEARL STREET « 


PRODUCERS OF FINE ORGANIC CHEMICALS 


| lator transformer 7’. 
is the blocking oscillator (9), and Q14 


| fourth 


| pulse of about 0.25 wsec width at the 
| base is produced in the 100-ohm output 


| feedback amplifier. 


| tolerance 


rent to 





FIG. 5. 


rear. 


amplified by Q12, which drives the 


| trigger winding on the blocking-oscil- 


Transistor Q13 


is a power amplifier driven by the 
winding on TJ. A _ 12-volt 


The resolving time of 


this stage alone is 0.8 psec, which is 


impedance. 


less than the discriminator deadtime. 
This 


discriminator 


condition is necessary if the 


deadtime is to be the 


| only one determining counting losses. 


The power supply consists of two 


| identical circuits with opposite polari- 


ties grounded, giving +30-volt lines. 
In the positive supply, Q/& is the 
series stabilizer, while Q16,17 form the 
Trimpot R4 ad- 
justs the output voltage and takes up 
variations in the reference 
elements CR45,6. Since transistor Q16 
has a defined emitter current, it limits 


| the maximum short-circuit output cur- 


value. The current is 
twice the normal 
to ensure that Q15 
well bottomed under this 
The supply delivers 30 
volts +1% for 10% line variations and 
zero to full load (40 ma) from room 
temperature to 45° C. Peak ripple 
and noise are less than 1 mv under all 
conditions. 
An amplifier unit and plug-in circuit 
boards are shown in Figs. 5 and 6. 
The estimated detection sensitivity 
of the amplifier-flow-counter system is 
20 ion pairs in the primary 


this 
defined at 
operating 


about 
value 
remains 
condition. 


about 
ionizing event. 
* + 7 
The author acknowledges the assistance of 
A. Grothe, who constructed and tested these 
amplifiers. The work has profited from dis- 
cussions with V. H. Allen, A. R. Jones and 


AMPLIFIER UNIT with front panel removed; printed-circuit cards are inserted from 
Wired-in double stabilizer board is visible on right 


FIG. 6. TRANSISTOR PLUG-IN board 
is one of six for amplifier 


F.8.Goulding. Thanks are due P. Campion 
for his continued interest and advice and also 
R. J. Brown for carrying out extensive tests 
in the Radioactive Standardization Laboratory 

The work forms part of the research pro- 
gram of the Physics Division of Atomic 
Energy of Canada Ltd. This article is based 
on Chalk River report CREL-828 and on a 
paper presented at the Canadian IRE Con- 
vention in Toronto, October, 1959. 
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Announcing a major breakthrough in automatic 


counting of solid radioactive samples. 


Now samples containing minute, previously un- 
measurable amounts of carbon-14, phosphorus- 
32, strontium-90, etc., can be counted automati- 
cally with high accuracy. A revolutionary new 
‘‘guarded"' Gas Flow Detector in the new Nu- 
clear-Chicago Automatic Sample Changer has 
a net background of only 2 counts per minute. 


The new system makes possible, for the first 
time, automatic analysis of beta samples having 
counting rates as low as 2-3 counts per minute. 
Measurement time is greatly reduced in routine 
sample counting, while the amount of radio- 
active reagent required in tracer experiments 
can be cut substantially. 
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For full information on the new Low Background 
Automatic Sample Changer, write for Bulletin C-115. 
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Xenon-Krypton Separation by Gas Chromatography 


By R. C. KOCH and G. L. GRANDY 


Chemistry Department, Nuclear Science and Engineering Corp., 


A gas-chromatographic method de- 
veloped in our laboratory is particularly 
suitable for separation of radioactive 
xenon and krypton prior to analysis of 
the radioisotopes. In conjunction with 
the separation method, techniques for 
sampling both static and dynamic gas 
The 


method is applicable to reactor and 


systems have been developed. 


fuel-processing plants for fission-gas 
measurements. 

Gas chromatography has been widely 
used for separation and determination 
of components in complex gas mixtures 
(1, 2). 
on a fixed bed or on a liquid bed fixed 
on an inert base (2). The constituents 
are then eluted separately from the bed 
in distinct, 
sweep gas. 

Gas chromatography 


The mixed gases are adsorbed 


successive volumes of 
is especially 


useful for whose similarity of 


chemical and physical properties would 


gases 


make their separation and assay by 
classical methods tedious or impractical. 
The method has been applied to both 
organic and inorganic gas mixtures, 
although its industrial application has 


been directed primarily to organic 
vapors. 

The chemical inertness of xenon and 
krypton and the similarity of most of 
their physical properties render their 
methods dif- 
differ- 


in their adsorption, 


separation by classical 
ficult. 


ences, 


There are significant 
however 
elution from several 


retention and 


adsorbents in dynamic gas systems 


83-6). Therefore, we performed a 
series of tracer experiments to investi- 
gate the feasibility of separating xenon 
and krypton by gas chromatography 
and to determine a practical separation 
The tracers were 10.3-yr 
Xe'3 with helium 


procedure. 


Kr*® and 5.27-day 


as the sweep gas. 


Procedure 


Two 0.4-in.-diameter chromatogra- 
phic beds, 16 in. and 6 in. long and 
-40 +-50 mesh activated 
evaluated in the ap- 
The charcoal 


consisting of 
charcoal, were 
paratus shown in Fig. 1. 
U-tube con- 


was packed firmly into 


Small-mesh screens, 


U-tubes, 


tainers. 
which 


copper 
to the 


were soldered 
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FIG. 1. 


EXPERIMENTAL APPARATUS for determining retention properties of charcoal 


beds for Xe and Kr consists of source of helium sweep gas, flow and pressure regulators 
and controllers, injection manifold for introducing Xe and Kr tracers, U-tube trap con- 
taining chromatographic column and radioactivity monitor (7) to measure tracer eluted 


from column. 
strip-chart recorder. 


Monitor output is recorded continuously with counting-rate meter and 
Tracers, diluted with helium, are contained in high-pressure 


capsules joined to manifold by gas burets 


Pittsburgh, Pennsylvania 


Normalized Tracer Activity 
o 


4 18 


Time (min) 


Normalized Tracer Activity 


FIG. 2. STATIC-CHARGING METHOD and 
Xe-Kr separation on charcoal to 70° F and 
32° F. In both cases, helium purge rate is 
0.6 liter/min with 6-in. charcoal column 


eens) SS EF 


Normalized Tracer Activity 


8 20 

Time (min) 
FIG. 3. DYNAMIC-CHARGING METHOD 
and Xe-Kr separation at 32° F. Helium 
purge rate is 0.6 liter/min and charcoal- 
column length is 6 in. 


July, 1960 - NUCLEONICS 


DH 4 





For more than a’ quarter-century 
Anton has provided leadership in 


the development and manufacture of 


nuclear detectors (a, b, Y and neu- 
tron). & Competitors, unable to at- 
tain the proper level of quality, have 
copied Anton designs and employed 
Anton Alumni. ® Buying from 
n—out again” tube manu- 
has caused some nuclear de- 
tector users serious quality and pro- 
duction problems. Who can afford to 
risk his product or experiment relia- 
bility on a mere ““carbon-copy”’ detec- 
tor supplier? M@ Anton is recogni 
as the world’s largest and most ac- 
commodating producer of nuclear 
detectors. Don’t you agree, “‘Anton 
must be best... they're copied most” 
@ Write for the latest Anton catalogs. 
ANTON ELECTRONIC 
LABORATORIES, INC. 


1226 Flushing Ave., B’klyn 37, 


? “ANTON MUST BE BEST... 


THEY'RE COPIED MOST": 





INSTRUMENTATION 
AND MEASUREMENTS 


This article starts on page 76 


determined bed lengths and prevented 
dispersion of the eharcoal through the 
system. 

For a typical experiment, the chro- 
matographic column was adjusted to 
the desired temperature, a suitable 
charge of tracer was introduced into 
the injection manifold, and the helium 
flow rate was established through the 
manifold by-passing the injection sys- 
tem. The helium flow was then di- 
verted to sweep the tracer to the char- 
coal bed. Sweep gas flow continued 
until the radioactivity monitor indi- 
cated that the total tracer charge had 
been eluted from the charcoal. This 
method of charging the tracer simu- 
lates introduction of a static gas sam- 
ple into a gas-chromatographic system, 


and we designate it as the static- 
charging method. 

An alternate charging method was 
used to simulate sampling of a dynamic 
In this method, krypton 


contained in a stream 


gas system. 

and/or xenon 
of nitrogen or helium were adsorbed 
—112° F. 
The tracers were subsequently eluted 


on activated charcoal at 
with the helium sweep gas with heat- 
ing, and transferred to the column for 
We designate this method 
as the dynamic-charging method. 


separation. 


Tests were performed to characterize 
the adsorbent bed used for sampling 
the gas stream. 

Xenon-krypton separation on char- 
coal columns was studied at 32° F and 
70° F, at two helium flow rates (0.6 
1.6 and at a helium 
pressure of 15 psia. The ratio of the 
flows was chosen to be proportional 


and liter /min) 


to the ratio of the charcoal bed lengths. 


Initial experiments with individual 





TABLE 1—Data for Xe-Kr Separation on Charcoal Columns 


Helium 
flow rate 
(liter /min) 


Column 
length 
(in.) 


Column 
temp. 
Tracer (°F) 


Kr 70 16 6 





6 








0.6 





0.6 





Charging TA 
method* 


T'p Ti %p 


min min) (min) 


Stati 


Static 


Static 


Static 


Stati 


Dynamic 














1.6 





0.6 








0.6 





16 Qefm (No) 


0.6 Static 


Dynamic 


Static 


Stati 





~350 > 450 





4.0 15 


* Static charge: Tracers charged directly onto column with helium purge flow. 


Dynamic charge: Tracers in nitrogen stream adsorbed on charcoal at 


—112° F, 


with heating and passed to column with helium purge flow. 


eluted 





78 


20 


me (min) 


FIG. 4. SEPARATION PEAKS without nor- 
malization. Conditions: 32° F, 0.6-liter/min 
helium purge rate, 6-in. column length, 
dynamic charging 


tracers were followed by dual-tracer 
experiments. 

In addition to the separation studies, 
tests were performed on 2-in. charcoal 
beds proposed as retainers for the 


separated gas eluted from the columns. 


Results 


The elution curves, as obtained from 
the on-stream monitor, were corrected 
for detector background and normal- 
ized to unity at peak height to facilitate 
comparison. and 3 are 
elution curves. 
a curve prior to normaliza- 


Figures 2 
typical normalized 
Figure 4, 
tion, demonstrates the separation more 
clearly. The elution curves are char- 
acterized by 7',, the elapsed time from 
tracer injection to initial elution from 
the column; T7'p, the elapsed time to 
the maximum elution rate; and Tip, 
the time required for the elution rat« 
1% 
Characteristics of elution curves 
The results 


indicated well defined separation of 


to decrease to of the maximum 
rate. 


are given in Table 1. 
the gas fractions. 


Discussion 


The reproducibility of the elution 
patterns is adequate to ensure quanti- 
tative separation of the two fractions. 
The degree of separation, as measured 
by elapsed elution time between gas 
fractions, with decreasing 
helium flow rate at the same column 
conditions, or with decreasing temper- 


increases 


ature at fixed column size and sweep 


July, 1960 - NUCLEONICS 





When things come 
hot and heavy... 


..-your hot cell requirements have 
outgrown standard manipulator capa- 
bilities. To meet your needs, AMF 
Atomics offers this new Heavy Duty 
Manipulator that retains the deft, in- 
stantaneous touch of the Standard 
Model 8, but has up to five times 
greater operational capacity. The re- 
sult is a dual-purpose instrument fit- 
ting both “pilot production” as well as 
strictly “laboratory” classifications. It 
offers a variety of new capabilities and 
operates with greatly reduced shut- 
down time and minimum maintenance 
expense. 

While new materials and rede- 
signed components and assemblies 
produce the Heavy Duty’s versatility 
and extra performance, basic instal- 
| . lation dimensions of the Standard 

Model have been maintained. Conver- 
. sion is possible without modifying ex- 
isting hot cell dimensions. Where the 
a J a Standard Model meets present needs 
“— a but where future requirements are 
‘ ~ & F uncertain, AMF Atomics offers a par- 
: ia tial Heavy Duty model convertible to 
full Heavy Duty with few components 
‘ 44 and without field assistance. 
i As for maintenance and repair, the 
/ j ruggedness of the Heavy Duty assures 





a minimum of both. Present mainte- 
Re . nance facilities will suffice. A com- 
plete spare parts catalog is provided 
for fast spare parts replacement. 
Trained AMF field technicians are al- 
ways available should the need arise. 


AMF Atomics across the board 


AMF Atomics’ performance record 
qualifies it as the world’s leader in de- 
sign and construction of research and 
training reactors. It has utilized 
AMF’s vast engineering and mechan- 

PELE ot ical skills in a wide range of reactor 
components and auxiliary equipment 
including reactor servicing equip- 
ment, control rod drive assemblies and 
manipulators. 


ly AMF ATOMICS 


A Division of 
American Machine & Foundry Company 
261 Madison Avenue, New York 16, N. Y. 


(nf) =e Oecmlemecmulcmeecimen == across the world 








This is the most 
accurate, trouble-free 


LEAK DETECTOR 


you can buy 





we 


fast...simple...sale 


® Quick and Easy to Operate 

Flip a switch and the built-in auto- 
matic station does the work for you, 
electrically (no air supply required) 
.-.lets you make up to 120 tests per 
hour...safety interlocks eliminate 
operator error, permits use of non- 
technical personnel. 


© Guaranteed Accurate and Safe 
Constant 10-" cc/sec reg | uar- 
anteed by the patented VEECO 
VEETUBE®...it cleans itself...uses 
safe, inert helium as tracer gas. 


@ Thoroughly Tested 

Each MS-9 undergoes a full week (168 
hrs) of test run and inspection before 
shipment. 


MS-9 SERIES 
PACKAGED 

Helium 

Mass Spectrometer 
LEAK DETECTORS 


Finds leaks in 
hermetically sealed 
components 


WITH/WITHOUT 
AUTOMATIC 
ROUGHING STATION, 
BACKFILL CONSOLE 





al 











FREE MS-9 BROCHURE 
contains full details on 
performance, specifica - 
tions, operation and 
advantages. There is an 
MS-9 series Leak Detec- 
tor to fill your exact 
need. Write Department 
A-1435. 


VEECO 
VACUUM 
CORP. 


New York 


14. 


VACUUM & LEAK DETECTION EQUIPMENT 


HIGH 





| 
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solid phases . 


TABLE 2 


Helium 


flow rate 


Column 


lenath 


Column 


in liter /min 


Average 


Correlation of Xenon-Krypton Separation Data 


2 X 10? 
9 xX 10? 
6 X 10? 


0.3) X 10? 


>.0 X& 10? 
5.0 XK 10? l 


0 X 104 


».0 X 10* 





rate, or with increasing column length 
at fixed temperature and flow rate. 

Results obtained with the dynamic 
method ti nded to 
those with static 
thought that these 
due to the relatively 
injection times and to 
of the gas 
column with 
This charging 
method is still being investigated. 

A method of correlating ion exchange 


charging deviate 


somewhat from 
charging. It is 
differences 
poorly defined 
the 


reaching 


are 


higher 
the 


charging 


temperature 
charcoal 


dynamic 


chromatographic separation on a quan- 
titative 
theory ol chromatographic processes 


basis (8) is based on a plate 
9 The column is assumed to consist 
of a series of plates (i.e., unit volumes 
in which equilibrium distribution of 
the solute exists between the liquid and 
The distribution coef- 


ficient, C, for the solute is given by 


(1) 


Ss the fraction of the solute 
on the solid adsorbent, L the frac- 
tion of the solute in the liquid, and p 
and n identify the number of theoretical 
of solution 


one 


number 
volumes, to 
which have entered plate p. 


plate s and the 


equivalent plate, 
For any 


solute 5 


(2) 


where Fmax number of solvent col- 


jumn volumes that provide the maxi- 


mum rate of solute elution. 


Since the se paration processes for ion 


lexchange and gas chromatography are 
'analogous, an attempt has been made 


to correlate the xenon-krypton separa- 


For this 
purpose, S and L in Eq. 1 are defined 


tion data using this method. 


as the equilibrium fractions of the 
trace gas in a given plate adsorbed on 
the charcoal and in the helium phase, 
respectively. 

Values of Fn.x for xenon and krypton 
in the various separation schemes have 
been estimated from the weights of 
charcoal in the columns from free gas 
volumes calculated assuming that the 
of the 
and from measured helium flow 
rates Tp. Calculated of 
C for several separation conditions 
(Table 2) 
flow 
increase with decreasing temperature. 

Tests at —112° F demonstrated that 
2-in. traps will quantitatively retain 
eluted the 
column, since the trap retention time 


effective density charcoal is 


unity 


and values 


appear to be independent of 
rate and column length and to 


separated fractions from 


for xenon or krypton is substantially 


longer than the quantitative elution 


time. 
Additional studies are in progress to 
develop more rapid separation and 


assay methods for ve ry-short-lived 


fission products in gas streams. 
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many new developments 
INCREASE PERFORMANCE, RUGGEDNESS, RELIABILITY 


CRL manipulators... 
as obedient as your hand 


Central Research Laboratories brings you important refinements in 
lateral rotation, azimuth assembly, wrist joint, tong, handle, roller 
mounts, load hook, and booting. Each is the result of CRL’s continu- 
ing program to give you the finest in master-slave manipulators. . . 
manipulators which duplicate the natural motions of the operators’ 
hand. Many of these improved features can be added to manipulators 
already in service. This program of improvement without obsoles- 
cence plus CRL’s policy of immediate shipment on spare parts 
insures continued customer satisfaction. 


_ 

I a 

| 
Improved roller mount Improved wrist joint, Improved handle: More Improved booting and Improved azimuth as- 
More rugged, more tong, and tong jig: rugged, more satisfac- load hook: Partial or semdly: Eliminates ex- 
serviceable, less wear Greater protection of tory control of separa- complete booting pos- posed rollers, provides 
on through tube gears, more rugged, tion indexing and sible, load hook fits on greater “Z"’ motion gr 


easier interchange. squeeze motion lock. booted or unbooted shorter collapsed | 
arm. 


for over-wall installation 


. : L MODEL 4 
for thru-wall installation or o 


CRL MODEL 8 General purpose — for 


instalJation over a barrier 
Thru-wall installation i wall or through ceiling 
for intermediate to : ; opening of protective 
high-level shielding. | | + i enclosure. 
Separation indexing 
and lateral rotation 
keeps operator close 
to window with full 
visibility over large for restricted-space 
area. Easy to relocate ‘es . ~~ hs installation 
—one man with a : CRL MODEL 7 
light crane can remove Space saving, light weight 
and relocate in less 3 1 — for use in “junior 
than five minutes. | caves” er over thin wells 
where minimum clear- 
ance and easy portability 
are important factors. 


Central Research Manipulators from basic 
Argonne National Laboratory designs 
write today for complete information to: 
laboratories, inc. 
Red Wing, Minnesota, Dept. 109 
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Selecting Instruments for Organic Reactors 


Reactors cooled by an organic fluid 
feature low pressure and conventional 
materials. Thus, standard industrial 
process instruments can give reliable, 
accurate and inexpensive measure- 
ments of flow, pressure and liquid level 
in organic moderated reactors. Still, 
the 200-300° F melting point of the 
terphenyl mixture planned for the 
Organic Moderated Reactor for Piqua, 
Ohio, requires that we select and in- 
stall process instrumentation carefully. 

Measurement and instrument in- 
stallation methods for the 11.4-Mwe 
OMR have been proven by Atomics 
International in operating the OMRE 
in Idaho for several years and in quar- 
ter-scale prototypes of the OMR purifi- 
cation and degasification systems that 
have operated for more than a year at 
Canoga Park, California. OMR’s ter- 
phenyl mixture, which has a molecular 
weight of about 230, will be heated 
from 525° F to 575° F while being 
pumped through the OMR at the rate 
of about 12,000 gpm. 

Calibration. To keep the stagnant 
terphenyl in instrument manifolds 
from freezing, temperature is main- 
tained constant with pressure-con- 
trolled steam. Electrical heating could 
be used, but it costs more and makes 
control of final temperature more 
difficult. 

Three steps are important to pre- 
serve instrument calibration: 


1. Calibrate at the operating tem- 
perature to avoid marked span and 
range shifts beyond the range —20 to 
+ 200° F. 

2. If an instrument is to be in and 
out of service often, put a thermocouple 
on the instrument body so the operator 
can be sure the instrument is at a con- 
sistent temperature when used at 
OMR operating temperatures—this 
will avoid effects of sharp shift of zero 
point, particularly above 250° F. 

3. Cool the transducer portion with 
air (1 or 2 cfm usually suffices) to 
prevent overheating. 

Also, if an instrument is to operate 
above 400° F it usually requires special 
bolts and gaskets to prevent leaks. 
With these common factors kept in 
mind, we can consider specific types of 
instruments used. 

Flow measurement. Turbine me- 
ters serve successfully up to 750° F if 
the stream is free of damaging particles. 
Orifice plates and venturi nozzles 
coupled to differential-pressure trans- 
Piqua for 
measuring flows above 5 gpm; many 
transducers are suitable up to 350° F. 
But would be 
small to measure flows below 5 gpm, 
variable-area 


ducers will be used in 


since the orifice too 


Piqua also will use 
meters, which serve well up to 750° F. 
When the meter has an armored metal 
tube with a magnetic follower to 


convert float height to an electronic or 





to a maximum of 0.002%. 


metallurgy fabrication techniques. 


Foils, Inc. 
information. 





New Aluminum Alloy for EBWR Cladding? 


Tests, including exposure to 18-ft/sec water, demonstrate that a newly 
developed aluminum alloy (tentatively designated Argonne 288) has corrosion 
resistance superior to the alloy X 8001. 
for ceramic fuel pellets in the next EBWR core. 

The alloy composition, which came out of the Al-alloy-development program 
at Argonne National Laboratory, includes 1% nickel, 46% iron and 0.1% 
titanium. A critical factor for minimizing corrosion is to keep silicon content 


Good high-temperature-strength properties can be achieved by powder- 
At 660° F, a powder-metallurgy alloy of 
A288 composition has ultimate tensile strength of 25,000 psi—comparable to 
zircaloy and a factor of 10 better than alloy X 8001. 

In a 235-day corrosion test in 660° F water, wrought A288 corrosion was 
0.3 mil/yr; X 8001 corrosion was >3 mil/yr. 
elements in the EBWR grid, the crud formed has analyzed 36% Al. 
will be less with the more resistant alloy 288. 

A 2,000-Ib commercial melt has been successfully produced by Aluminum 
Experimental A288 spike elements in EBWR will provide in-pile 


Present plans are to use it as cladding 


With dummy X 8001 fuel 
It probably 








pneumatic signal, non-magnetic tubing 
must be used for the steam trace lines. 
Electromagnetic flowmeters find little 
use since the organic fluid has high 
resistivity and in-line temperatures 
are high. 

Liquid level. 


is straightforward, displacement tech- 


Because installation 
niques (change in weight of a float), 
which will be used in Piqua, usually 
are better than a differential-pressure 
transducer. Slight shifts 
occur when organic plates out of the 
vapor onto the float surface, but the 
transducer can be adjusted in service. 


calibration 


The opaque terphenyl! forces use of a 
blind gage glass with magnetic follower 
this has 


vessels 


for readout; device been 


successful on operating at 
750° F. 

Pressure. Measurements at 
temperatures are with a 
phragm-sealed pressure system when 
is long 


high 
made dia- 
the process line connection 
enough to keep pulsation-induced fa- 
tigue from failing the diaphragm. As 
a filler material, silicone oil serves up 
to about 600° F and will be used in 
Piqua; NaK-filled transducers operate 
well and with accuracy within 1% of 
full-scale span up to 1,200° F. Ex- 
treme care is required to fill the seal 
and capillary and bourdon tubes 
properly. 

Vacuums to 22 in. Hg 
measured reliably with a diaphragm- 
system if head errors are 
placing the diaphragm 
connection, capillary tubing and trans- 


can be 


sealed 
avoided by 


ducer at the same elevation. 
Temperature. 
process temperature does not present 


Measurement of 


any problem since the temperature- 
measuring element is inserted in a 
conventional thermowell. 

Control valves. Since some slight 
leakage is tolerable, it 
satisfactory to use a teflon stuffing box 
with a cooling fin. But in a vacuum 
system, where leakage is intolerable, 


usually is 


a bellows-seal valve is essential. To 
keep the organic molten so it will not 
cause the bellows to fail when moved, 
it is essential to steam trace the outside 
of the stuffing box. 

From ‘‘Organic Reactor Process In- 
by David J. Sobo of 
Atomics International, presented in San 
Francisco at the May, 1960 Conference 
of the Instrument Society of America. 
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@ 70 those concerned 

with atomic energy and power generation, 

Vitro offers experience 

gained in designing nuclear facilities 

worth 1.4 billion dollars. 

To date, Vitro has furnished engineering services 


for seven power reactor projects. 
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Properties of Coolant Gases 


Specific 
heat, C, 
(cal 
sy | 


Density* 


p(10~4* gm 


2 
~ 
> 


Gas cm?) gm 


H, 32 3.53 
He 63 24 
N; 44 265 
Air 16 261 
Ar 63 125 
CO, 69 277 


— b> & = 


cononwn 
XXAXAA 


= 


* At 500° C and 10 atm. 


Pumping 


Thermal Thermal- 


conduc- neutron 
lity (10 


cal/cem 


power ‘K abs. cross 


relative Viscosity section oq 


to He n ¢.p sec °C) (barns 
0.33 
0.007 
1.88 
1.88 
0.62 
0.0036 





Hydrogen 


as a Power Reactor Coolant 


By DOUGLAS BRADLEY, l’. K. AFA Atomic Energy Research Establishment, Harwell, England 


A hydrogen-cooled reactor is eco- 
nomically desirable and structurally 
feasible. But it will be safe only if we 
can guarantee to keep the gas purity in 
excess of 97% Hz at all times and in all 
places. As with most safety argu- 
ments the feasibility of providing such 
a guarantee cannot be assessed numeri- 
sally; however, some guide is given by 
experience in industries that handle 
hydrogen. The chemical industry has 
handled hydrogen safely for a number 
of decades at higher pressures and tem- 
peratures than those considered for re- 
actors; standard gas-circuit 
nents are used—no special equipment 
design standards 


compo- 
or separate are 
necessary. 

Hydrogen often is considered the 
ultimate gaseous heat-transfer medium 
—it is not. The higher molar specific 
heats associated with a more complex 
molecular structure make hydrocar- 
bons more attractive for heat removal. 
Unfortunately, the complex molecular 
structure also creates chemical insta- 
bility under reactor conditions; of the 
acceptable gas coolants hydrogen is 
easily the best for heat transfer. This 
advantage of hydrogen has led to ap- 
praisal of its engineering, chemical, 
metallurgical, and nuclear aspects as 
they might contribute to an economical 
reactor. But these factors have been 
overshadowed by handling problems. 


84 


Handling Hydrogen 


Hydrogen can be a difficult gas to 
handle. Small molecules give it ability 
to diffuse through metal walls and to 
effuse faster through leaks than any 
other gas. And out-leakage of hydro- 
gen or in-leakage of air can create fire 
and explosion hazards. 

Leakage. Leakage through circuit 
defects would be ~40,000 ft*/day 
( ~200 lb) if molecular effusion and de- 
fect sizes are equivalent to those ex- 
perienced with Calder Hall reactors. 
By comparison leakage by diffusion 
(~100 ft?/day or <1 lb/day) would be 
trivial compared with leakage from cir- 
cuit defects. 40,000 ft*, equivalent to 
a loss of nearly 10%/day, would be un- 
and economic 


acceptable on safety 


grounds. Thus design standards for a 
hydrogen circuit would have to be bet- 
ter than for CO, reactors but we do not 
consider that reduction to 1%/day to 
be impracticable. 

Transportation and storage. This 
amount of leakage might necessitate 
If so, bulk 
transport and storage of high-pressure 
cylinders would not be feasible for the 
quantities (~2-million ft®) envisaged 
for a four-reactor station. Thus an 
on-site hydrogen plant and gasholders 


large volumes in reserve. 


would be essential and would be con- 
more expensive than an 
equivalent plant to provide CO; elec- 


siderably 


trolytic production probably would give 

best over-all economy by using off-peak 

reactor power for the electrolysis. 
Safety. Mixtures of hydrogen and 


air can “explode” or “detonate” if 
there is a source of ignition, or they can 
spontaneously. But ‘“‘explo- 


sion” is not explosive in the generally 


ignite 


accepted sense of the word—it is char- 
acterized by smooth burning with a 
Un- 
der reactor conditions (say 500° C and 
10 atm) it would occur only if the hy- 
drogen-air mixture were in the range 
3-85% H,. (1-8). Though not itselt 
violent, if the combustion is allowed to 


low-velocity flame propagation. 
re Fr 


reach thermodynamic equilibrium there 
would be large pressure increases that 
could cause vessel rupture. Figure | 


2 
°K 


P 
i 


Pressure Ratio, = 


Temperature Attained 


re 
pos 


FIG. 1. EXPLOSION of Ho-air mixtures, 
where the initial conditions are 150 psi and 
773° K 
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The finest performance record of 
any multichannel analyzer yet 
produced is that of the Nuclear 
Data 256 channel model ND-101 


analyzer. 


In the first three analyzer-years, 
equivalent to one thousand tran- 
sistor-years, there has been no cir- 
cuit failure. 


The carefully planned and exe- 
cuted design has provided the 
finest precision, stability, and ease 
of operation without sacrifice of 


dependability, and at a sensible 
cost. 


NUCLEAR DATA, Ine. 


911 Regent Street 
Madison, Wisconsin 


ALpine 7-4433 
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°K 


Pressure Ratio, 
Temperature Attained ( 


10 20 
Vessel Radius (ft) 


FIG. 2. DETONATION of Ho-air mixtures 
at upper detonation limit, where the initial 
conditions are 150 psi and 773° K and 
mixture is 59% H» by volume 


shows calculated pressure-temperature 
values for postulated reactor conditions 
(8-9). 

“Detonation” is characterized by a 
shock wave maintained by the energy 
released in the combustion 
This limits the conditions under which 
detonation is possible to a narrower 
concentration range—18-59% Hz. at 
normal temperature and pressure (10). 
The need for energy release to maintain 


’ 


process. 


the shock wave means that detonation 
depends strongly on system geometry. 
It can propagate in one direction only 
and requires unobstructed distance in 
which to build up. The distance in- 
creases with increase in tube diameter; 
limited data indicate it would require 
very long lengths of straight pipe in a 
typical circuit before detonation could 
occur (11). 

We can calculate pressures that re- 


wo 


~N 


uo 





Pumping Power Required for CO, 


Pumping Power Required for H, 


Ratio 
w 
° 


200 400 600 
Coolant Temperature (°C) 


FIG. 3. PUMPING-POWER COMPARISON 
for hydrogen and carbon dioxide coolants 
assuming constant heat output, coolant 
temperature rise and fuel-element-surface 
temperature (p’C,* comparison) 
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r Heat Produced, 


FIG. 4. HOW CHANGE IN BLOWER 
consumption affects over-all efficiency, 
where over-all efficiency = [nal(Q + q) — 
q/5|Q-', 7 = fraction of turbine heat 
input converted to electric power = 0.25, 
a = fraction of heat-exchanger heat input 
converted to heat output = 0.98, 6 = 
efficiency of blower = 0.75, q = heat 
equivalent of work done by pump, Q = 
rate of nuclear heat production 


sult from detonation; Fig. 2 shows 
typical results for reactor conditions. 
Detonation pressures, which depend on 
vessel size, can be very much higher 
than explosion pressures. Also, the 
value P; in the pressure ratio is now the 
pressure immediately behind the de- 
tonation wave. The pressure felt by a 
plane surface normal to the direction 
of propagation is higher, (P2 — P;) 
V./Ve, where V,/V2 is the ratio of the 
specific volumes of the gas in the un- 
burnt and burnt states. For example, 
the pressure felt by the wall at the end 
of a 4.5-ft-dia tube under the condi- 
tions shown in Fig. 2 would be 1,130 
psi, i.e., P2/P, is increased from 5.7 to 


é.o 


‘Autoignition’’ occurs under almost 


any conditions if a mixture within 
the explosion-concentration range ex- 
ceeds a certain temperature. Limited 
data indicate this temperature is 
400° C in the absence of catalysts (12). 
Thus, in the reactor explosive concen- 
trations must be avoided since ignition 
inevitably would follow. 

We must consider the combustion 
phenomena in relation to the design of 
No rational 
basis exists for the design of pressure 


a reactor-coolant circuit. 
vessels to withstand explosion or 
detonation. The situation is com- 
plicated by the possibility of multipli- 
cation of pressures by reflection, in 
which case peak pressures could be 
many times the equilibrium pressure 
9, 13). Explosion-proof design of a 
reactor circuit would be uneconomic. 
It is only economic for smaller and 
more compact systems, such as hydro- 


gen-cooled alternators and generators. 

To overcome this difficulty we would 
able to guarantee that 
to ensure 


have to be 
explosions could not occur 
that at all times and in all places the 
remain outside 

This is the 
practice by the 
industry, where freedom from air in- 


concentration would 


the explosion limits. 
adopted chemical 
leakage is ensured by maintaining all 
parts of the gas circuit above atmos- 
pheric pressure. Provision also must 
be made for purging the circuit with an 
inert diluent on charge and discharge 
of the hydrogen; CO, probably would 
would need to 


be used. Also we 


monitor and purify the hydrogen 
continuously. 

This need for positive pressure in the 
hydrogen circuit and the large leakage 
transfers the ignition problem to the 
Here ignition 


can be prevented by proper ventilation 


outside of the circuit. 


and arrangement of electrical equip- 
ment. Still, could 
prove to be a major problem; it is 
highly likely that locating a hydrogen- 
would 


building design 


cooled reactor outdoors prove 


least hazardous. 

Engineering Economics 
Quantitative comparison of gas cool- 

difficult changing 

coolant-channel geometry to optimize 


ants is because 
heat-transfer performance for each gas 
also changes nuclear performance. 
Thus it is important to design the 
reactor core to fit the particular gas 
a simple generalized com- 
Still, pump- 
ing power needed for various gases 
gives a simple guide. For circum- 
finned fuel cans, pumping 
power 1s po *C » 

p = gas and C, = 
specific heat at constant pressure) for 


properties 
parison is not possible. 


ferentially 
proportional to 
where density 
reactors in which heat output, coolant 
rise, maximum fuel-ele- 
temperature and flow 
area do not vary (14). The relation- 
ship also holds for other fuel elements 


temperature 
ment-surface 


where profile drag predominates over 
frictional drag; thus it would apply to 
the shorter and thicker fins or mere 
surface roughening required for hydro- 
gen. 
carbon dioxide on this basis; Fig. 4 


Figure 3 compares hydrogen and 


shows resultant savings in over-all 
efficiency for typical circuit parame- 
ters (15). 

Power consumed by a blower reap- 
Thus 
increase in pumping power increases 
the reactor heat output at the same 


time as it decreases efficiency; there 


pears as heat in the coolant. 


is an optimum value that gives maxi- 
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mum electrical output (5-10% for 
CO,). But since larger blowers cost 
more the economic optimum is about 
2-4% for CO:; it probably would be 
only 1-2% for hydrogen. This eco- 
nomic optimum means that full ad- 
could not be taken of the 
lower blower 
Still, the re- 
duction would be accompanied by a 
substantially higher electrical output, 
which would reduce the capital cost 
per kilowatt. 


vantage 
theoretically 
needs with hydrogen. 


possible 


Material Compatibility 


It is important that hydrogen not 
react with and weaken the reactor ma- 
terials. Also, reaction products trans- 
ported around the coolant circuit could 
complicate shielding requirements. 

Reaction with graphite. Thermo- 
dynamic conditions in a hydrogen- 
cooled reactor favor buildup of methane 
to high concentrations in the circu- 
lating gas. But the reaction rate is 
very low and the graphite weight loss 
and mass transfer of carbon around 
the coolant circuit would not be serious. 
Possible catalytic and impurity effects 
need further investigation (16, 17). 

Reaction with fuel elements. The 
ready formation of low-density hy- 
with metallic uranium would 
accentuate attack if the cladding 
should rupture. But inert compounds 
such as uranium dioxide or uranium 
monocarbide would be suitable (18). 

For an advanced gas-cooled reactor 


drides 


system with temperatures greater than 
500° C and ceramic fuels the choice of 
cladding material is limited to stainless 
steel or beryllium. Both are basically 
inert to hydrogen, but radiation effects 
might need further study. 

Reaction with structure. Embrittle- 
ment of steel structural components by 
hydrogen can be considered under two 
physical embrittlement and 
chemical attack (19). 
brittlement is not 
~200° C; since it is caused by hydrogen 


headings 
Physical em- 
observed above 
diffusion and aceumulation at grain 
boundaries, it depends on the amount 
of hydrogen dissolved in the metal 

and hydrogen solubility in steel below 
200° C not be sufficient to 
cause embrittlement. However, dur- 
ing reactor operation solubility could 
be high enough to cause trouble if the 
reactor shell is cold. Thus vessel 
cooling rate must be low enough to 
permit hydrogen than 


would 


release—less 


30-45° C/hr is specified for hydrogen 
plants in the petroleum industry. 
Chemical attack is the form of 
embrittlement experienced at higher 
than 200° C. It results from 
carburization caused by the hydrogen- 
reactor shell 
normal 


de- 


reaction. So a 
protected during 
using proper 


carbon 
must be 
operation by alloys. 
For example, 6% Cr, 0.5% Mo raises 
the temperature below which attack 
does not occur from 200° C to 610° C. 
Such alloys usually are available in 
pressure-vessel and high-temperature 
Irradiation effects on both 
forms of embrittlement need further 


steels. 


investigation. 

Austenitic stainless steel is not prone 
to embrittlement but would be costly. 
But experience with pressurized water 
reactor systems that the in- 
creased cost is not prohibitive for large 


shows 


reactors where a high proportion of the 
cost goes into turbogenerator equip- 
ment and buildings. 

Hydrogen coolant would be accepta- 
ble from a nuclear standpoint. Neu- 
tron capture would be higher than for 
COs, but this could be overcome by 
Induced 
activity would arise primarily from im- 


slight enrichment (say 1%). 


purities present, and pressure loss would 
decrease reactivity, making the system 
fail-safe. 

x ” > 


This article is based on a paper presented at 
a Symposium of the Institution of Chemical 
Engineers, London, November 24, 1959. 
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By W. B. LEWIS and R. W. GOIN, Phillips Petroleum Company, Idaho Falls, Idaho 


As long as it is possible for packaged 


units of fissionable material—each 


package safe in itself—to form a criti- 
cal assembly when units are brought 
together, the hazard of inadvertent 
criticality will be a source of continual 
worry. No amount of written instruc- 
tions clearly stating what procedure 
must be followed will relieve the worry 

the person who places the last sub- 
critical unit on the previously just-sub- 
critical stack might not have read the 


instructions We believe that true 


safety lies in designing containers that 
cannot, under any circumstances, nor 
in any numbers, be assembled into a 
critical mass—i.e., “isolated units.”’ 
An isolated unit is a subcritical con- 
figuration of fuel, moderator, and poi- 
son such that the neutron current van- 
ishes at the boundary of the unit. 
Clearly there can be no interaction 
Most shipping 
and storage methods rely on spatial 


between isolated units. 
separation only, but isolation can be 


achieved readily by separating fuel- 


Polyethylene 
‘ bottom 


Laminated polyethylene 


FUEL-BOTTLE CONTAINER. Wood is too bulky for this use 


FUEL-ELEMENT CONTAINER. Cadmium-polyethylene-cadmium 
sandwich separating fuel layers provides infinite safety 
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Plywood 


bearing regions by a poison-moderator- 
poison sandwich. In effect, fast neu- 
trons originating in a fuel region pass 
through one layer of poison and are 
moderated before reaching the second 
layer, where they are effectively re- 
moved. The sandwich can be flat, 
rolled into a cylindrical shell, or other- 
wise formed to suit the circumstances. 
This approach eliminates restrictions 
on storing quantities of packaged fuels 
and reduces the space needed. 

The proposed fuel-shipping sand- 


. i laminated polyethylene 
— Cadmium 


\ 
»Foam rubber 


/ 


—Cadmium 


| 
= lo 
I5 aminated 
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Reactor Analysis. Complete nuclear, thermal and structural 
analysis including criticality, flux and power distributions 
and fuel cycle analysis. 
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pletely automatic control and instrumentation systems, in- 
cluding reactor kinetics, dynamics, hazards and reliability 
analysis. 

Reactor Shielding. Experimental and analytical shielding 
techniques and materials development for both central sta- 
tion and compact power reactors. 





Reactor Operators. Engineers to install, operate, maintain 
and modify compact reactor power plants. Good knowledge 
of test instrumentation required. 


Reactor Power Plant Engineers. To assume full responsibil- 
ity for planning execution and analysis of test reactors and 
power plants leading to fully automatic, remote systems. 


Space Environmental Testing. Component development and 
space environmental testing of nuclear power plant compo- 
nents including high vacuum, vibration, shock, thermal and 
orientation testing. 

Process Development. Development of chemical processes 
for organic cooled and moderated reactors on bench and 
pilot plant scale. 


Radiation Effects. Analysis of radiation effects on organic 
and solid electronic materials, including experimental deter- 
mination of physical andthermal properties of organic fluids 
at elevated temperatures. 





Process Instrumentation Engineers. Thorough knowledge of 
process instrumentation and control systems. Background 
should include experience in chemical process plant, refin- 
ery, power plant or reactor instrumentation. 


For specific details write: Mr. C. G. Newton, Personnel 
Office, Atomics International, 8900 DeSoto Avenue, 
Canoga Park, California. 
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Engineers 
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Fuel Element Engineering. 
Complete analysis and de- 
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cluding nuclear, thermal, 
material, mechanical and 
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stress under all operating 
and fuel handling condi- 
tions. Environmental and 
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Fuel Fabrication. Deveiop- 
ment of equipment and proc- 
esses for fabrication and 
assembly of fuel elements. 
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forming, welding and join- 
ing processes for new alloys 
and ceramic materials. 
Corrosion Research. Corro- 
sion and heat transfer re- 
search on new materials and 
advanced liquid metals at 
elevated temperatures. 

Hot Cells. Design and devel- 
opment of hot cell equip- 
ment and processes. Remote 
handling of radioactive ma- 
terials, especially metallur- 
gical and physical testing. 
Irradiation Experimentation. 
Design and conduct irradia- 
tion experiments on reactor 
fuels over wide range of 
radiation and temperature 
conditions, including simu- 
lation of conditions expected 
in full scale power reactors. 
Development of equipment 
and techniques for post- 
irradiation testing and eval- 
uation of these experiments. 
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Safe Slab Thickness and Cylinder Diameter of ‘‘Criticalium’’ 


Slab thickness (in.) 
M oder- 
ator With 
thick- With wood 
ness moderator of p= moderator of p= 
(in.) 0.2 20 80 20 8.0 15 


polyethylene 


0.32 04 0.02 1.4 0.04 0.02 
0.70 OS 0.32 0.16 


16 0.04 0.70 


0.30 


Cylinder diameter (in.) 
With 
With wood polyethylene 
moderator of p= moderator of p= 
0.2 2.0 8.0 15 2.0 8.0 15 


0.70 0.16 0.80 0.02 1.4 0.70 0.16 

1.4 0.32 0.16 0.08 1.4 0.32 
. 0.70 
0.70 0.32 0.16 





wich is of cadmium foil and solid 
hydrogenous material (wood or poly- 
ethylene). Water also can be con- 
sidered as a sandwich filler because of 
canal-storage problems and because its 
properties are well known. 

The sandwich thickness depends on 
composition and dimensions of the fuel 
region and on the hydrogen density of 
the moderator, which can be expressed 
as an equivalent water density. Wood 
has an equivalent density of 44 to 24; 
polyethylene, 1.2. 

To provide a safety factor, our caleu- 
lations were made with a fictitious fuel, 
“criticalium,” which has a 750-barn 
fission cross section and no non-fission 
captures and which produces 2.98 neu- 
trons per fission. Its effective density 
is assumed to vary from 0 to 17 gm/ 
em*, Criticalium would be more haz- 


ardous than either U?*5 or Pu?®® with 
the same effective density. The table 
summarizes calculated safe dimensions 
for packaging. The calculations were 
made on an IBM-650 using a two-group 
two-region code. All simplifying as- 
sumptions were conservative. 

We believe that there is no reason, 
from the viewpoint of nuclear safety, 
why small samples so packaged could 
not be transported by any means, with- 
out special shipping instructions. The 
same principles apply to compact stor- 
age of fuel in a canal or storage vault 
and also might be adaptable to fuel 
processing plants. 


* * * 


For detailed description of calculations, sce 
Safe Packaging for Shipping and Storing 
Fissionable Material, W. B. Lewis, R. W. 
Goin, 1DO-16536 (1959). 


Measuring Fuel-Cluster Metal and Water Volumes 


The accuracy previously required at Bettis in measuring metal and water vol- 


umes in fuel clusters was +44%. This could be met by measuring displaced- 


water overflow from a tank and by filling the component with measured quantities 


of water. Requirements, however, are now stricter— +14 % accuracy. 
The method developed to meet the new requirements (reported by J. M. Dick- 
son et al.) measures water height in a tank by means of a transistorized-relay cir- 


cuit. The circuit is closed when the rising ‘Water level touches a needle, turning 


on a signal light. To prevent overshooting the contact point, a second needle in 
the probe, 0.002 in. behind the first, is connected to a warning light. 
Uncertainties in measuring the miniscus and spillage contributed to the in- 


accuracy of the earlier method. 


measure a cluster. 


(nother disadvantage was the 8-12 hr needed to 


With the new method, a cluster can be measured in about 1 man-hour with an 
accuracy of 0.28% or better. The uniformity of the acrylic-plastic water tank 
exceeds that necessary for the accuracy of the method. 


93 





APPLIED RADIATION 
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GAGES SHOW THREE CONDITIONS IN COAL PIPE: normal flow, no signal; one “No-Coal’ 
signal, start vibrators to restore feed; two “No-Coal” signals, close dampers before fuel 


fails and cold air from blowers causes thermal shock. 


detectors (at left) and sources (at right) are installed on vertical coal pipe 


Photograph at right shows how 


Gamma Gages Solve Coal-Clogging Problems 


Boiler operators at Coshocton, Ohio, 
are resting easier these days because 
gamma gages are watching feed pipes 
in which coal clogging is sometimes a 
difficulty. In normal operation the 
coal is crushed and carried up to hop- 
pers from which it descends to cyclone 
boilers below. When the descending 
coal clogs, two distressing things hap- 
pen. First the boiler runs low on fuel. 
If this difficulty is not quickly cor- 
rected, a rush of cold air from the still 
running blowers may cause a damaging 
thermal shock. 


Nuclear-Battery-Powered Timer 


Timers are often the weak and diffi- 
cult links in engineering designs; in 
Arctic snow they freeze; in rockets they 
fail with overheating. But a 
lived nuclear-powered timer, recently 
announced by Radiation Research 
Corp., dodges these difficulties and offers 
1% accuracy for intervals varying from 
You can also have 


long- 


minutes to years. 
intervals shorter than a minute, but 
accuracy is not quite so good. 

RRC has long been a builder of nu- 
clear batteries (NU, Dee. 753, p. 42; 
May 759, p. 199), and many of its most 
interesting products are outgrowths of 
nuclear-battery the timer, 
very thin dielectric films, small-current 
diodes and tritium-impregnated foil. 

The timer has a nuclear battery 
charging a capacitor. When a prede- 


research: 


Industrial 
Nucleonics has solved the problem with 


The drawing shows how 
two AccuRay level-gage installations. 
In normal operation there is coal be- 
its detector. 
If a blockage occurs (either a bridging 


tween each source and 
of coal in the hopper or a plug in the 
pipe near the upper gage), a signal from 
one gage shows that trouble is on its 
way. The operator, who is always on 
hand because of additional duties, re- 
activating vibrators that 
the stuck coal. If 
they fail, he shuts the dampers to cut 


sponds by 


usually dislodge 


off air flow. If he fails and both gages 
give a “No-Coal”’ signal, the system 
automatically cuts off the dampers be- 
fore fuel ceases to flow into the boiler 
and allows a rush of cold air. 

In the photograph are shown two 
sources and two detectors installed on 
a vertical pipe. Each source has 0.5 
mg of 1620-yr radium; each detector 
infinite-life, 
quenched, stainless-steel-shell G-M 
tube, a relay with 3-amp contacts and a 
thyratron gas-filled tube to close the 


houses an halogen- 


relay. 





termined potential has been reached, a 
specially designed diode fires, delivering 
a pulse of energy from the capacitor to 
Although the basic idea is old, 
the performance is new; precision and 


ui load. 


from better compo- 
gimmicks’”’ 
about which the makers are willing to 


ruggedness come 
nents and “a couple of 
say only a little 

The diode must fire reproducibly at 
the potential difference. 
Since diodes that do so predictably are 
hard to find, RRC has developed its 
From the 
voltage-regulating diodes 


just right 


own same development 


have come 
that require as little as 107-?!° amp for 
proper regulation. 

Nuclear batteries made at RRC are 
all of the beta 
particles pass through an insulator and 


beta-collection type; 


accumulate on a collector electrode. 
The present Kr** battery delivers 
10-?*-10-* amp at ~3,000 volts. Un- 
der development for the AEC is a Ce'™ 
battery using vacuum as a dielectric. 
It may sound difficult, but remember 
that in outer space a hole in a vessel is 
a vacuum pump. The AEC program 
involves demonstration of a 250-kv, 
l-watt, 2,000-curie prototype and de- 
sign of a 1-kw model. 

From early battery projects came 
the large- 
quantity product (tritium-impregnated 


company’s only present 
titanium foil for accelerator targets and 
ionization sources) and the company’s 
most promising development for the 
future (thin dielectric films: 1-2 microns 
of Tefion or other polymers with re- 


sistivities as great as 10'® ohm-cm). 


July, 1960 - NUCLEONICS 











Van de Graaff’ 
NEUTRON SOURCE 
FOR ACTIVATION ANALYSIS 


10°°nfsec from D-T Reaction 


NEUTRON ACTIVATION is becoming of 
increasing importance in quantitative analysis. 
The extreme sensitivity of this method to trace 
amounts, the speed and simplicity with which 
samples can be analyzed, and dependence only 
on simple radiation counting and measuring 
equipment to assure accuracy, makes it suitable 
for microanalysis where chemical methods are 
inadequate or for macroanalysis with produc- 
tion rapidity. 


THE HIGH VOLTAGE MODEL AN-400 
positive-ion accelerator is the lowest-priced 
source of intense neutrons on the market. 
Operated at 400 kev, its full beam current of 
150 microamperes is effective in producing 
neutrons from a thin tritium target. It is com- 
pact (about 10 square feet of floor area) and 
mobile and is designed for safety, with all 
high voltage fully insulated. Based on the 
proved designs and experience of High Volt- 
age Engineering Corporation in building and 
installing more than 250 particle accelerators. 


IN NUCLEAR ENGINEERING, the Model AN-400 is a useful experi- 
mental apparatus for studies of transient and steady-state effects in 
sub-critical assemblies and for teaching physics and reactor technology. 
May be equipped for pulsed operation or electron outputs if desired. 


NEW BULLETIN AN-4 


—Describes specifications 
and performance in detail. Be ns 6 sig hig : 
Write Technical Sales for Bh Tap ies 2 or rage c ve fe 

ee : pee Me NES. 


ta $ 
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Precise Tracer Measurements of Liquid and Gas Flows 


By COLIN G. CLAYTON, Isotope Research Division, AERE, Wantage, Berkshire, England 


Radioactive-tracer methods for 
measuring liquid and gas flow rates are 
gaining increasing importance because 
they offer small cost and great accu- 
racy and convenience. We have re- 
cently made a series of tests to see how 
accurately we can measure flow rates. 
With liquids we use both dilution and 
velocity techniques. Direct compari- 
son with the standard at the National 


Engineering Laboratory, Glasgow, 
that 
methods is as good as those of non- 


shows accuracy of radionuclide 
radioactive analogues and other flow- 
methods. With gases 
the dilution technique presents too 
many difficulties; we limit ourselves to 


measurement 


velocity measurements. 
The reader will find it interesting to 
compare radioactive methods for meas- 





TABLE 1—A Comparison of Methods of Flow Measurement 


Ope rating 


Method 


Accuracy (%) 


Current meters +1-2 


Pitot traverse 


Standard orifice +1.5 
plates 
Calibrated orifice 
plates 


Up to calibra- 
tion standard. 


Venturi flume 


Gibson method 


application 


Chemical dilution 


Chemical velocity 


Isotope dilution 


Isotope velocity 


range 


>2 ft 


No limit pro- 
viding pressure 
difference can 
be monitored 


Determined by 


No limit 


No limit 


No limit 


No limit 


Comments 


sec Delicate Requires calibra- 


tion. Pipe diameter required. 
Continuous measurement for 


No head loss. 


Proportional to velocity. 


short time. 
Tedious. Involves accurate 
traverse of pipe along a number 
of diameters. Diameter 
required 

Clean fluids re- 
Large loss of head. 


Inexpensive. 
quired 
Mostly used in smaller pipes 
(up to ~32-in. diameter 
usually less). Continuous 
measurement. 

Expensive, small loss of head 
Can be 


used for * 


dirty ” fluids. 
Continuous measurement. 
Pipe dimension along test sec- 
tion required. Involves emer- 
gency closing of pipe flow. 
Intermittent measurement. 
Intermittent measurement. 

No loss of head. Not depend- 
ent on cross-sectional area. 
Sufficient pipe length required 
to give complete mixing of an 
injected tracer. Not applica- 
ble to salt water. 

Intermittent measurement. 

No loss of head. 


knowing cross-section area. 


Depends on 


Sufficient pipe required for 
mixing. Not applicable to 
salt water. 

As for chemical dilution but 
much smaller injection volume 
required. Applicable to salt 
water 

As for chemical velocity but 
smaller injection volume re- 
quired. Applicable to salt 


water. 





FIG. 1. TEST MEASUREMENTS of liquid 
flow were conducted at Britain's National 
Engineering Laboratory 


uring flow with other methods listed in 
Table 1. 
Liquids 

Our measurements with liquid flow 
used facilities at the National Engi- 
neering Laboratory (Fig. 1), where an 
comparison is 


absolute standard of 


available (1-4). The system includes 
a 20-in.-diameter pipeline, 700 ft long, 
in which flow rates as great as 20 cfs 
(cubic feet per second) can be measured 
to an accuracy of +0.15% by direct 
weighing. Total capacity is >10,000 
ft’. 


Isotope Dilution 


To measure liquid flow by isotope 
dilution one injects a tracer of known 


f= £C,(C,-C) 








FIG. 2. ISOTOPE-DILUTION method for 
measuring flow. If f; is rate at which 
isotope is injected; C; concentration of in- 
jected isotope; C2 isotope concentration at 
sampling point; C; its concentration before 
injection, the flow rate in the pipe, fe, is 
given by formula shown 
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concentration at a known constant rate 
the concentration 
downstream after ¢ omplete mixing has 


and measures new 


occurred (Fig. 2). An important ad- 


vantage of the method is its inde- 


pendence of internal dimensions and 
variations in them. No previous cali- 
bration is required, 

We have made experiments with 
Na*4 as our Many other nu- 
clides satisfy the main requirements, 
and stability in the liquid. 
The user will choose the best one taking 


into account half-life, type and energy 


tracer. 


solubility 


of emission, maximum permissible 
levels of radioactivity and available 
If other things are 


equal, a beta emitter is preferable be- 


specific activity . 


cause with it problems of transport are 
minimal. 

Injection and assay. 
mainly during injection of tracer and 
For 


Errors arise 


assay of concentrations. con- 
trolled injection we have made a special 
pump (Fig. 3) 


driven through 


essentially a piston 
an accurately ground 
We 
use figures obtained from the electric- 
authority to 
caused by variations in supply-mains 


cy linder by a syn hronous motor. 


powe! correct errors 


frequency—usually not greater than 
0.02 %. 


cylinder dimensions are negligible. A 


Errors from variations in 


special filling technique reduces our 
greatest problem with the injector 
small air bubbles on the greased cylin- 


der wall. The final error at- 


gross 


Synchronous 
moto 


———_/ 














Radioactive siug 
FIG. 4. PULSE-VELOCITY method relies on 


rapid injection of slug of radioactive liquid, 
measurement of its transif time 


tributable to the pump was <0.05%. 

But our greatest source of error has 
been variation during assay, both sta- 
tistical and instrumental. In practice 
the need for a planned counting pro- 
gram with regular background and 
reference counts requires a minimum 
of 5 min per sample. In our early 
tests we needed 15 min to obtain a 
standard deviation <0.3% (1, 2). 
This length of time was caused by the 
recirculation; we had to limit the ac- 
tivity of each injection so that the con- 
centration in the system would not 
become great enough to interfere with 
later assays. Because this handicap is 
imposed by recirculation, we feel that 
our quoted errors are maximal; they 
can be reduced in practical measure- 
ments on nonrecirculating systems. 

In Table 2 are the results of measur- 
ing 120 samples in two series of meas- 
urements at 5 and 20 cfs. We took 
samples from two points 110 and 220 
diameters downstream from our injec- 
tion point where strong experimental 
evidence indicates complete lateral 
mixing. A tear in a piston seal caused 
a consistent error in our first experi- 
ment. The results of the second are 
within the accuracy quoted for the 
salt-dilution method in a similar investi- 
gation on the same pipeline (4). 


Velocity Method 


Since internal dimensions of the pipe 
are required, the pulse-velocity method 
(Fig. 4) is not as generally applicable 


as the dilution method. In practice 
however, important differences be- 
tween the two techniques suggest that 
in some circumstances the velocity 
measurement is better than dilution. 
Inaccuracies in pipe cross section ex- 
cepted, errors are most likely to come 
from injection and numerical mistakes 
in analyzing results. 

The method relies on a rapid injec- 
tion of a small volume of radioactive 
liquid, which disperses as it moves 
along with the flow. At a stationary 
downstream detector the curve of 
counting rate as a function of time is 
asymmetrical, the amount of asym- 
metry decreasing as the distance from 
the injection point increases. Thus 
two detectors at different distances 
from the injection record curves of 
different amplitudes, lengths and 
symmetries. 

So that the spread of the tracer charge 
at injection shall be negligible com- 
pared with that caused subsequently 
by turbulence, the injection should be 
a rapid radial one with force enough to 
spread the tracer across the pipe. The 
more nearly this ideal can be obtained, 
the shorter is the length of pipe required 
for accurate measurement. Here the 
velocity method has an advantage over 
the dilution method: it is easier to get a 
short, sharp injection than a smooth, 
continuous one. 

Injector. A spring-operated device, 
shown in Fig. 5, satisfies our require- 
ments for rapid injection. Radioac- 
tive solution goes into a reservoir either 
by pouring through a side arm or by 
insertion of a glass ampoule into the 
side arm and breaking it with a striker. 
Each injection is ~1 ml. 

The injector is operated as follows 
(Fig. 6): (A) raise cocking handle to 
engage trigger, (B) push down and turn 
cocking handle to compress main 
spring, (C) press trigger to release 
plunger and drive tracer out through 
injection valve. 

Using fast photography we found 





TABLE 2—Accuracy of Isotope-Dilution Method* 


Sampling station 


Experiment 110-dia 220-dia 


1.7% 


1.4% 








+ 1.9% —2.95 + 
+ —0.67 + 


* Numbers are percent error in flow as measured by isotope-dilution method and 


FIG. 3. INJECTION PUMP for isotope-dilu- compared with weighing standard. 


tion method injects at constant velocity 
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- fallistics with 
. Statistics . 


Behind the launching pad 
lie years of statistics. 

And years of statistical 
specialization have given 
Wall tubing reliability in 
meeting the critical test. Ex- 
haustive testing assures that 
Wall Tube’s stainless steel, 
nickel and nickel alloy tub- 
ing will be of the highest 
quality. 

Before you procure small 
diameter tubing of any 
grade, let a Technical Sales 
Representative demonstrate 
Wall Tube’s know-how—that 
developed from demanding 
application. 


RANGE OF MANUFACTURE 


Steel and Cold 


ky Se ©) 9) 


Welded 
OD to 
walls 
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PYare) 

OD te 


walls 


083 to O 
OD to 3 32 

Nickel 
seamless, 5 


049" to 


walls 


008 


WALL TUBE 
AND METAL 
PRODUCTS CO. 


NEWPORT, TENN. 


Cocking handle 


Ampoule striker 


PRAY >) 
SN Ss 


‘ 


a 


) 


Tracer 
reservoir 


|FIG. 5. INJECTOR for pulse-velocity 
method; operation is shown in Fig. 6 

| the injection time to be 14 msec, corre- 
tem of travel in 


it 20 cis, 


| sponding to less than 


| our 20-in. pipe 


AWE asuring 
transit time 


Timing. pulse velocity 


ire juires between two 


points, and this in turn requires choos- 
|ing an appropriate point on the count- 
i that 


ing curve represents 


passage ol 











the 
this choice 


the Although 
peak is the best point (6), 
does not take into account the effect 
of the laminar sublayer, that 
of the liquid close to the pipe 
Moreover the peak is often ill defined. 
There is some evidence that Taylor’s 
theory peak 
not fit all available data, and there has 


pulse, 


some say 


portion 


wall. 


for choosing the (6) does 
recently been a suggestion that Reyn- 
olds’ 


based 


analogy, on which the theory is 

is not applicable to turbulent 
flow in pipes (7 

As a better point Whiteman chooses 
one that is midway between the ends 
of the segment in which counting rate 
is greater than 20°% of maximum (8), 
Because the laminar sublayer and the 
method of injection affect the tail, he 
says that the tail should be neglected, 
The porti ym 
he- 

points is almost symmetri- 
the 
taken as pulse center 


and his method does so. 
of the 


tween 20% 


concentration-time curve 


halfway point can be 


cal, and 
10st relevant to 
mean velocity. 

The centroid of a 


which divides 


that 


it into two equal 


puis mo- 


ment 


areas—is often taken as the reference, 


it being claimed that the centroid ap- 


conditions of turbulence 


the 


plies in all 

over the 

Young and Wilsor 

tion by comparison with direct weigh- 
They 

| 


pulse system we are describing 


cross section ol pipe. 


support this selec- 
ing (9). use the radioactive- 
and 
show that the centroid gives more con- 
sistent results than the peak. 

Results. In 


the 


xperiments, rapid 


to the 


numbers 


oul 


injection, large distances de- 


te cto! 
ensure 


and large Reynolds 


that results are independent of 


variables in the injection and depend- 


ent only on our methods of analysis 


Flow rates from four different 


experl- 


FIG. 6. INJECTOR OPERATION starts with (A) engaging trigger; then (B) main spring is 
compressed and (C) trigger is pressed, releasing plunger and injecting tracer 
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To vacuum 
eecsi VAL 


radioactive 
gos. 
reservoir 


Compression 
spring 

















FIG. 7. GAS INJECTOR (top) provides | 
rapid injection by mechanism shown (bot- | 
tom); releasing trigger lets spring drive 
tracer-filled injection chamber into main 
stream, replacing dummy section that is | 
usually there 


elocities, each deter- | 
different character- 
agreement within | 


take as our limit of | 


le 3 we quote five groups of | ; : 
eoemetinn ‘440 deville | Los Alamos Scientific Laboratory has 


letermined with two meth- HA) the major responsibility for research, de- 
suring the transit time be- , velopment and testing in the AEC-NASA 
letectors and by measuring 
nosh tielesiiies, dealt aiiiait Wp Rover program .. . another of the many 
letector. Since our experi- Y// i ‘ investigations at Los Alamos into peace- 
designed to obtain informa- WW time uses of nuclear energy. 
vith asymmetrical NW Wt 

e results in which the 


Pha hk gyi wi PHOTO: First field test of a KIWI 


this choice is that it | ~~ nuclear propulsion reactor. 
y of a direct-reading | 
s that of Leslie and 

t digital indication | F 

For employment 

ition of the mean of information write: lo g.. 7a 

me reaps by | Personnel Director 
ee ee Division 60-67 


satisfactory since the |] 


In pipe volume 
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+0.25% and that of the weighbridge 
is +0.15%. 


Gas Flow 


Although water-flow techniques ap- 
ply in principle to gas-flow measure- 
ment, problems with gas are more diffi- 
cult. There are incentives to solving 
them, however. For example, success- 
ful methods will enable measurements 
of fast flow, transit and retention times 
in blast furnaces and contaminated-gas 
flow in coal-gas plants. Like Kniebes, 
Burket and Staats in their measure- 
ments of natural-gas flow (11) we have 
chosen a pulse-injection technique. 
But we differ from them in introducing 
our tracer, Kr*®, at pipe pressure so that 
large injection velocities do not con- 
tribute to initial dispersion of the 
charge. 

The main points of comparison be- 
tween liquid and gas measurements are 
these: 

e Sampling for the dilution method is 
more difficult with gases. 
quently we have limited our efforts to 
the velocity method. 

© Velocity of linear flow with gases is 
usually hundreds of times greater than 
with liquids. Typical ranges are 0.1 
10 ft/sec with liquids and 10—1,000 
ft/sec with gases. 

© Tracers for gases are limited in num- 
ber and in volume specific activity. 
Ar*! has often been used (11), but its 
short half-life (1.82 hr) causes unusual 
difficulties of shipment and correction. 
We got our Kr*® (10-yr half-life, 0.67-, 
0.52-Mev gammas) from the Radio- 
chemical Centre at Amersham with 
specific activity of 50 c/liter at NTP. 
Using it requires access to the inside of 
the pipe; we use a plastic-scintillator 
detector and feed the output through a 
100—ysec time-constant circuit to a 
cathode-ray tube. 

We also considered Br**-labeled 
methyl bromide. (Br** has a 35.9-hr 
half-life and emits 0.55-, 0.77- and 1.04- 
Mev gammas.) But the available 
specific activity, 110 me/liter, is much 
smaller than that of Kr*®, 
© Compatibility criteria change from 
solubility and stability in liquids to 
density and viscosity in gases. 
© Compressibility of gases requires a 
special injector. 

e Pipes for gases are usually much 
smaller than those for liquids. 

Injector. Because gas is compressi- 
ble, the usual method of injecting a 
tracer charge, forcing tracer under 
pressure through an orifice, is unsuit- 
able for fast gas injectors. Compres- 
sion ratios like 10 to 1, for instance, 


100 


Conse- 





TABLE 3—Accuracy of Velocity Method 


Flow rate 


Experiments (cfs) 


1-19 7.560 
20-60 18.10 
61-80 5.032 
81-98 5.032 
99-114 18.10 


Error (%) 
2-detector syste 1-detector system 
—-0.34 +0 
—0.44 +0 
+0 060 + 0 
0.38 + 0.5 
—(0).27 t 0.{ 








TABLE 4—Sensitivity of Gas Injection Method* 


Reynolds Distance downstream 
number from injector (ft) 
2.4 X 104 ] 
10 
20 
10 
50 
60 
l 
10 
20 
40) 
50 22 


60 20 


wo bw t 


radius in 


381.30 
103.24 
8.42 24 69.54 
5.68 16.3 16.86 
5.00 14.76 41.24 
4.50 13.3% 37.16 
349.0 920.‘ 2125.0 
106.2 311 853 .2 
72.6 212 588.4 
18.8 143 399.6 
43.0 126 352.8 
0 38.8 114.2 318.2 


16.48 137 


12.52 37 


Qo 


Oe On a Oe 


* Figures are specific voltage output (volts per curie) from our scintillation counting-rate 


meter, but they can be taken as a relative scale. 


Our detector had a 2-megohm load. 


We used a 0.5-cm-thick, 1-in -diameter plastic phosphor, an EMI 9542B photomultiplier 
and 3-ml injections of NTP krypton with a maximum specific activity of 50 c/liter. 





produce sonic velocities at release. 
Nevertheless some compression is toler- 
able if the orifice is directed radially or 
if one is making straightforward deter- 
minations in long pipes as in natural 
gas transmission (11). 

Our injector, shown in Fig. 7 on p. 
99, provides rapid injection without 
precompression. To inject tracer one 
the 
drives a tracer-filled injection chamber 
into the main stream, substituting it for 


releases trigger; a heavy spring 


a section that is normally there. In 
preparation for such an injection, the 
injection chamber is removed from the 
main stream, evacuated with an aspi- 
rator and filled from a reservoir much 
larger than the chamber. We can in- 
sert the 3-ml chamber into the gas line 
in 1-2 msec. 

Results. We have tested our method 
by injecting 30-70 me of krypton into 
a l-in.-diameter pipe carrying gas at 
velocities up to 5 X 10% cm/sec (Reyn- 
104). 
detector traces at distances of 2-6 ft 


olds numbers up to 8 Typical 


from the injection show dispersion pro- 


portional to the 0.57 power of injector- 


detector distance (12); they confirm 


that Sjenitzer’s calculations for liquid 
With Sjenit- 
zer’s formula for dispersion and the ob- 


flow apply also to gases. 


served sensitivity of our detector we 
drew up Table 4 showing limitations of 
this technique for pipe diameters and 


lengths. It shows that measurements 


involving up to 100 ft of 3-in. pipeline 
can be made accurately for Reynolds 
numbers as small as 2.5 X 104. 
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Melting Points of Prompted by a broader interest in interactions of UO» 
U-Binary Oxides with other oxides in air, the melting points of binary 

mixtures of UO. and various oxides were measured. 
lhe mixtures were first heated at 800° C then briquetted, roasted at 800-S00° C 
ind pulverized; the procedure was repeated at 1,000—1,100° C and 1,200-1,300° C. 


Finally at 1,300° C, the procedure was repeated until the briquets showed no 


racks and did not shrink. 
Except for mixtures that melted during preliminary roasting, melting points 


ere determined by cone deformation. The cone vertex was heated by carbon | 


lemperatures were measured with a micro-optical pyrometer. |S. G. | 
Tresvyatskiy, V. I. Kushakovskiy, Atomnaya Energiya 8, No. 1, 56 (1960)] 





Vc ratio 
from Melting 
chemical point 
analysis (“C Mode of melting 


50 BeO 2,200 + £ Melts with difficulty, droplets 

33 MgO 1,900 4 Droplets form with difficulty 

50 MeO 1,750 + Droplet formation 

67 MgO 53 1,850 + Droplet formation 

30 CaO 2,000 4 Droplet formation 

50 Al.O 1,940 4 Melts with droplet formation 

50 SiO 1,770 + Surface melting 

50 TiO 1,480 + Melts easily 

50 ZrO 2,600 + Same as BeO 

50 Tho Does not melt in arc 

50 V.O <800 Melted during preliminary roast- 
ing 

50 MoO 900—1,000 Same as VO; 

0 WO 1,100—1,200 Same as VO; 

50 Ta,O 1,850 + 30 Melts easily 

50 Bi,O 1,800 + 50 Melts little, evaporates strongly 
during heating 

50 PbO 1,850 + 50 Same as Bi.O; 

50 SnO Does not melt in arc, strong 
evaporation 

50 Cr.O 2,050 + 100 Droplets form with difficulty 

50 Fe.O 1370 + 30 Melts easily 

50 MnO 1,650 + 30 Melts easily 

2,700-2,750 + 100 Difficult to melt 





Sodium Oxide Experiments with cold traps of special design found 
Cold Trap Tests that stainless-steel chips give a better filtering action 
than 0.5-mm-dia. wire mesh. The traps had sodium 
ities of 30-50 | with an outer jacket of toluol coolant surrounding the sodium 
ontainer. The toluol in contact with the sodium chamber evaporates and 
ansfers its heat to water-cooled condensing coils at the top of the jacket. The 
tigators found that trap efficiency increases after some oxides have already 
deposited and that trap capacity increases with flow velocity. Although 
experiments got down to Na purities of only 20 ppm of oxide by weight, the 
iuthors feel that any required reduction could be achieved through proper 
idjustment of operating conditions. The experiments verified the following 
xpression for oxide concentration 


c(f) = c’ + (co — c’)e™ 


oxide concentration after the trap has been operating for time ¢; 

ntration at t 0, c’ is the oxide solubility at the lowest Na tem- 

trap and n is the number of passes made by the total amount of 

the trap during time ¢. [P. L. Kirillov et al. Purification of 

sodium from oxides and methods of control of oxide content, Atomnaya Energiya 
8, No. 1, p. 3 1960 
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Model 8590 


contaminants 
/ off 
“FAST! 


HAWS SAFETY SHOWERS 
send torrents of rushing water 
from all angles — washing away 
dangerous irritants in a hurry! 
Slap open the conspicuous “Push 
to Operate” valve. Hard-running 
streams from 10 adjustable noz- 
zles drench victims in seconds. 
You can depend on HAWS for 
the instant, positive first aid so 
vital until medical help arrives. 
This “Safety on tap” can mean 
the difference between temporary 
irritation and permanent injury. 
Get the facts! Write for HAWS 
new safety catalog. Do it today! 


Valve shown 





three-quarters 





DRENCH SHOWERS 


a product of 


HAWS DRINKING FAUCET COMPANY 
1443 Fourth Street * Berkeley 10, California 


19 Columbus Avenue 
Export Dept. San Francisco 11, California, U.S.A. 
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BOOKS 





Radioisotope Techniques 


By RALPH T. OVERMAN and HERBERT M. 
CLARK (McGraw-Hill Book Company, New 
York, 1960, 476 pages, $10). 


teviewed by J. F. Buack, Esso Research 
and Engineering Co., Linden, New Jersey. 

The Oak Ridge course in radioisotope 
techniques, which has served to train 
several thousand medical and research 
scientists in the use of isotopes, has at 
last been published in book form by 
two of the people most active in its 
development. 

The book has been written primarily 
as a textbook with its material organ- 
ized under ten major chapter headings. 
The first part of chapter is 
devoted to a presentation of the theory 
of the subject, discussed in a form 


each 


which should be readily understandable 
to a graduate or advanced under- 
graduate student in science. The last 
parts of the chapters are devoted to 
laboratory experiments. The authors 
have included more experiments than 
could be completed in a conventional 
semester course so that the instructor 
can have an opportunity to select on 
the basis of the interests of his students 
and in the light of the facilities he has 
These 


also been designed to keep reagent 


available. experiments have 
and equipment costs at the lowest 
level consistent with the experimental 
objectives. 

The sketchy treatment of 
recently developed 
ment techniques involving the use of 
liquid-scintillation spectrometers or 
multichannel analyzers might be con- 
sidered a shortcoming of this book. 


more 


isotope-measure- 


It might equally well be argued, how- 
ever, that students are not likely to 
become involved with these more 
expensive assay procedures until some 
time after they have completed th 
course, 

In addition to its value as a textbook, 
this publication should prove useful as 
a reference book to those who have 
already completed courses in radioiso- 
tope techniques. In addition to the 
descriptive matter, titles and figures 
in the text, the book 
appendix sections, which give physical 


contains 11] 


mathematical information gen- 


useful 


and 
erally with 


fol- 


when working 


radioisotopes. The chapters are 
which are 
very complete up to 1956. After that 
date, the literature is not as thoroughly 
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lowed by bibliographies, 


covered, but the most 


references have been included either at 


important 


the end of the appropriate chapter or 
in Appendix J at the end of the book. 

A third use for this book will be for 
the education of technical people who 
desire to use tracers in specific appli- 
guidance of a more 
The 


book can be used to familiarize such 


cations under the 


thoroughly trained individual. 
people with the technical background 
related to 
they will do and with the principles 


that is immediately what 


and practice of radiological safety. 


It can 
selected experiments to train them in 


also be used as a source of 
the laboratory procedures that will be 


involved in their problem. 


Atomic Radiation and Polymers 


By A. CHARLESBY (Pergamon Press, New York, 
1959, xiii + 556 pages, $17.50) 

Whether the addition of radiation to 
a polymer can yield a sum that is worth 
more than the cost of its parts is a ques- 
tion answered with a conclusive “ Yes”’ 
by recent revelation of the process for 
making Cryovac L Film (NU, May ’60, 
p. 122). There 
tions about radiation and polymers: 
How do they affect each other? How 
influence the interaction? 
From experiments with them, what can 


are many other ques- 


can one 
we learn about the solid state, crystal 
structure, chemical reactions, etc.? 

If your subject is polymers or radi- 
ation or the two together, you probably 
have much to learn from this compre- 
The author has been 
the 
authority on polymer irradiation since 


hensive volume 


recognized, perhaps, as leading 
he began publishing material on it in 
1953. Here he starts with radi- 
ation units and takes us to radiation 


about 


protection On the way he deals with 


interactions between radiation and 


matter accelerators are in- 
cluded), the 


effects within them. 


sources 
nature of polymers and 
Several chapters 
are devoted to specific substances and 
they behave 
polvethvlens 
others 


irradiation: 
and 


how under 


rubber, — silicones 
many 

Ina subject that is moving as rapidly 
as this‘one, it is impossible to set down 


the definitive and final word. Judging 


from lists of references, one can infer 
that the author brings us up to about 
But for 


in fundamentals and an introduction to 


1958. a thorough grounding 


sophisticated thinking, polymer and 
radiation scientists will find this book 
ideal. —HE 


Geneva '58 Proceedings 


described 
1959, Nu- 
cLEONIcS. The Proceedings are pub- 
lished by the United Nations. 


Other volumes have been 


beginning with the July, 


Vol. 7, Reactor Technology (844 pages, 
$19.50), includes sessions E-19, E-21 
K-22. from 


broad reviews of aqueous-homogeneous, 


and Discussions vary 
liquid-metal and molten-salt systems 
to more specific considerations such 
as reactor chemistry and fuel fabrica- 
tion. Graphite behavior is considered 
at length, and shorter sections are 
devoted to in-pile loops and detecting 
defected fuel elements. Other papers 
on fuels cover thermal conductivity, 
heat-transfer theory and design. 


Vol. 13, Reactor Physics and Economics 
(635 pages, $18.50), includes sessions 
B-19, Reactor Physics and Shielding; 
B-15, Fuel Cycles; B-14b, 
nomics of Nuclear Power. Among the 
B-19 are 
theory and reactor-physics problems 


and Eco- 


topics in reactor-shielding 
concerned with reactivity, neutron age 
and flux distribution, and buckling. 
B-15 considers natural and enriched 
uranium, plutonium and thorium cycles 
and aspects of them, such as economics, 


B-14b 


economic 


burnup and burnable poisons. 


papers present long-term 


prospects and the place of nuclear 
power in the power programs of several 


specific countries. 


Vol. 


pages, 


20, Isotopes in Research (265 
$10.00), is limited to 
D-6, Production and Use of Isotopes in 
Research. 


are concerned 


session 


Twenty of the fifty papers 
with production of 
radioisotopes and labeled compounds. 
The remainder describe industrial and 
more basic research applications. Sev- 


eral papers are on stable isotopes. 


Vol. 


212 


(ale 


33, Index of the Proceedings 
pages, $16.50), in addition to 
conference paper number and author 
indexes, contains an index of about 
10,000 
10,000 scientific-word entries prepared 
by Battelle Memorial Institute. The 


latter index provides multiple entries 


primary subject entries and 


and cross referencing. 
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20-Inch Plutonium Mill to Operate in Vacuum or Inert Gas 


Powerful, 20-in. wide 2-high/4-high combination rolling mill (above) that uses 
3-in. dia work rolls and 14-in. dia backup rolls, is designed to operate entirely by 
remote control within a steel glove-box enclosure (not shown). It is the major 
rolling facility for Hanford’s Plutonium Recycle Test Facility where it will pro- 
duce fuel elements in a variety of shapes and configurations. Three roll sets 
initially supplied are 14-in. 2-high breakdown rolls, 3- and 14-in. 4-high finishing 
rolls and 14-in. 2-high grooved rolls. All roll-changing operations can be per- 
Starting size of stock in 14 X 20 2-high mill can be up to 2-in. 
Maximum reductions per pass at proper elevated tem- 


formed remotely. 
thick and 16-in. wide. 
peratures are about 75% for aluminum and 30-40% for zirconium and stainless 
steel. Stock can be rolled to thinness of 0.003 in. with 3 * 4-high combination. 
Mill can For inert 
atmosphere, system is evacuated to 1 w Hg and backfilled to atmospheric pressure 
Main and 
auxiliary mill motors are located outside the enclosure in order to operate in air. 


Loma Machine Mfg. Co., 114 E. 32nd St., New York 16, N. Y. 


maintain 5% thickness tolerances over 16-in. wide strip. 


with He or A; svstem can also be operated under vacuum conditions. 


Complete Line of Gamma Radiography Equipment 


exposure control indicates position of 
source to within 1 in. Machines that 
can contain two or more sources are 
also offered.—Radionics Inc., Lafayette 
and Water Sts., Norristown, Pa. 


\ series of 16 standard gamma radiog- 
Fourteen 
panoramic ex- 


raphy machines is available. 
make 


; five of these provide 


machines can 
posures (above 
Panoramic 


beam well. 
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exposures as 


Subcritical Facility 


Light-water moderated, natural ura- 
nium subcritical facility has vertical 
lattice plates with fuel rods placed 
horizontally in between. The 1.22 in. 
dia rods are 4314 in. long. Reflected 
and unreflected experiments are possi- 
ble, using one of two tanks which can 
be raised to position and then filled 
Neutron 
generator is a 150-kv 1-ma positive-ion 
Neutron-producing 


with demineralized water. 
accelerator. 
targets are coupled to reactor with 
stainless-steel drift tube that can pass 
four 
target is placed at any position in tube 
relative to lattice plates.—Miles Hivolt 
Ltd., 13 Mortimer Rd., Hove 3, 
Sussex, England. 


through reactor in positions ; 


Low Cost Ultrasonic Cleaner 


Ultrasonic cleaner with 0.5-gal stain- 
tank, 40-w 
high-curie-point barium 


less-steel generator and 
titanate 
transducer is available for <$100. 
For simplicity, throttle-type activity 
tuning control is used and for rugged- 
ness, Major components are riveted to 
chassis. Four-in. dia crystal covers 
over 50% of tank bottom. 
stocked in 7 
chips 


Units are 
other 
matched.—Ultrasonic 
Industries, Inc., 141 Albertson Ave., 
Albertson, N. Y. 


colors and color 


can be 


Linear Polyethylene Block 


blocks, 
machined, drilled, threaded and welded 


Linear polyethylene easily 
with standard woodworking or machine 
tools and equipment, are available as 
Material 
is suitable for temperatures up to 


secondary neutron shielding. 


250° F and has superior dimensional 
stability and form retention. Blocks 
are available from stock in sizes to 
6 X 12 K 24 in.—Dix & Eaton Inc., 
The 1010 Euclid Bldg., Cleveland 15, 
Ohio. 
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THT NE 


Propulsion Systems 
for Space Flight 


Just Out—Covers all major propulsion 
concepts for flight in space. Describes 
various engines proposed, em} »yhasizing 
newer techniques such as nuclear and 
electrical propulsion, Includes the nu- 
clear rocket, ion drives, photon drives, 
and antigravity devices, comparing 
tte capability, technical feasi- 
ility, and present state of art. By 
. Corliss, The Martin Co. 312 
ay illus., $10.00 


{ 


; 


International Symposium 
On High Temperature { 
Technology 


just Out—Presents important findings 
»y top specialists in high temperature 
research. Image furnace research; high 
intensity electrical discharges; refrac- 
tory metals are among many topics 
covered. By Stanford Research Insti- 
tute. 348 pp., 240 illus., $15.00 


Pri Ls 


Some Mathematical 
Methods of Physics 


Just Out—Here are practical 
matical methods for solving 
in such fields as quantum 
ac ‘oustics, electrom agne tic 
reactor physics, 
jects covered 
tion, and 


i 
: 
! 
7s 


mathe- 
problems 
mechanics 
theory, and 
Among the many sub- 
are perturbation, varia- 
numerical approximation 
methods; matrices; operators; 

spaces; and Fourier analysis 

x. Goertzel, and N. Tralli, Nuclear 
pov P Tn Cor of America, 300 

, 10 illus. -, $8.50 


Infrared Radiation 


rot Out—An outstanding guide 
ared radiation . . . what it is, what 
it does, and how it is used. Brings 
together information on components 
and laws of physics by which they op- 
erate, sources of radiation, methods of 
transmission, and the analysis and de- 
sign of systems. Describes hundreds of 
applications in many fields, ranging 
from optical systems and medical de- 
vices to spec ialized instruments for 
satellites. By H. Hackforth, Nortron- 
ics. 288 pp., 169 illus., $10.00 


to in- 


SS 
10 DAYS’ FREE TRIAL I 


McGraw-Hill Book Co., Dept. NU-7, 327 
W. 4ist St.. New York 36, N. Y 


Send me book(s) checked ont for || 


—————— 


days’ examination on approval. In 10 isms 
I will remit for book(s) I keep plus few 
cents for delivery costs, and return un- 
wanted book(s) postpaid. (We pay | 
livery costs if you remit with this coupon 
—same return privilege.) 
()Corliss—Propul. Sys 
$10.00 
()Stanford Research Instit 
Posium on High 
$15.00 
()Goertzel & Tralli—Some 
ods of Physics—$8.50 
{_] Hackforth—Infrared Radiation 
Name . 
Address 
City 
Company 
Position alates 
For price terms write 
McGraw Hill a N NU-7 
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Intern, Sym- 
Temp. Tech 


Math. Meth- | 


$10.00 


outside U.S. 
7. 


for Space Filet | 


|/PRODUCTS & MATERIALS 


Digital Vacuum Gage 


digital 
) reads pressure values 


Portable, direct reading, vac- 


uum gage (above 
and utilizes decade-tube readout sys- 
automati- 


<2 


tem which places decimal 


cally. Response time of meter is 


Instrument has five ranges from 
0.01 to 900 microns 
significant digit, one-half digit. 
Nuclear Metallurgical Enterprises, 1004 
United Office Niagara Falls, 
New York. 


SCC, 


and reads to one 


suilding, 





Transistor Readout 


Low-cost transistor drive module for an 
indicator tube has ten medium-voltage 
NPN transistors in a common emitter 
Each transis- 
indicator tube’s ten 


configuration (above). 
tor drives one of 
cathodes. Readout modules require 
300 wa and can be triggered by 
Burroughs Corp., P. O. 


N. J. 


only 


is 


3-v signals. 


30x 1266, Plainfield, 
Evaporation Detection Unit 

| Evaporation detection unit concen- 
| trates radioactive materials in solution 
evaporating liquid portion. Re- 
Liquid 
all 


by 
maining solids can be counted. 


capac ity is 1,000 em? and 90° of 


Department starts on page 103 
concentrated 
Area of 


deposition is variable to any diameter 


radioactive materials are 


on a 2-in. planchet in 2-3 hr. 


Technical Services 
Research 
America, 


from 0.5 to 2 in. 
Dept., Instrument «& 
sion, Nuclear Corp. of 


ville, N. J. 


Divi- 
Den- 


Low Level Beta Counter 


above) 
tube 
anti- 


Low level beta counting system (| 


has single Amperex counter 


guard tube configuration and an 


coincidence scaler. This permits large 
reduction of shielding for backgrounds 
of 1 epm or less and provides increased 
reliability. System is available with 
T/A Model PT-1R predetermined 
timer.—Technical Associates, 140 W. 


Providencia Ave., Burbank, Calif, 


Transistor Spectrometer 


Liquid scintillation spectrometer used 
to assay samples of a- and 6-emitting 
isotopes such as H;, C4 and $** is now 


available in transistor model (above). 
and over-all 
better in 
addition to usual 
reliability, 


lower 


Line-voltage regulation 


stability are significantly 


transistor model in 


advantages of greater size 


and weight reduction, power 


consumption and cooler operation. 


same for vacuum-tube 
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Price is 


as 





models.—Packard Instrument Co., 
Inc., P. O. Box 428, La Grange, III. 


Differential Scanner 


Differential scanner (below), a gamma- 
counting radiometric probe, separates 
extraneous or background radiation 
from measured radiation. Leaks in 
nuclear devices can be detected and 
evaluated Portable counting rate- 
meter or scaler is used for readout. 
Seanner can be standardized for 
specific gamma-measurement applica- 
tions.—Uranium Instruments Co., 126 
N. Seventh, Grand Junction, Colo. 


Depleted-U Ball Valve Used as Cask Car Access Port 


Ball valve incorporating a 427-lb, 10-in. bore uranium ball forms the access port 
of the Enrico Fermi cask car which Baldwin-Lima-Hamilton Corp. is building. 
Actuation time for the valve, which is mechanically operated by remote control, 
is 300 msec. Continuous machining operation lasted 6 days and reduced a 534-lb 
uranium ball to its finished shape and weight. Pyrophoric fire was precluded by 
use of high flashpoint no. 200 coolant oil; in addition, special, extra sharp cutting 
tools and relatively slow machining surface speed of ~97 fpm were used to reduce 
heating.—Hydromaties, Inc., 70 Okner Pkwy, Livingston, N. J. 


Plastic Film Dust Bellows 


thermoplastic film such as 

ylene, vinyl, Nylon vinyl and 

are used to fabricate dust 

below) which are either fully 

or permit breathing. Bellows 
fabricated by using dielectric heat 

to join rings of plastic film 
ilternately on i.d. and o.d. Various 
gage films are used. and bellows of 
rtually unlimited i.d. and o.d. can be 
ricated providing o.d. is at least 
large! than id. A. F. Gagne, 

iates, 50 Wall St., Binghamton, 


Neutron-Diffraction System 


Neutron-diffraction system (above) crystal placed in the center axis of a 
uses novel drive that enables an movable shielding cylinder weighing 
automatic scanning of neutronsin very 21¢ tons. Main components are re- 
small steps (up to 5-min arc). In this markably precise. System is usedp§n 
way, counting tube goes through a conjunction with Garching Atomic 
130-deg arc within a preselected dura- Reactor by the Institute for Technical 
tion that can be extended up to Physics, Munich Technical College.— 
1 month. Neutrons of homogeneous Maschinenfabrik Augsburg-Nurnburg, 
energy are produced by reflection ona W. Germany. 
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Background : less than 1 count per minute 
Weight 2. . « « « « 280 kg (620 Ibs) only 
Height 2 ee 6 © © © «6128 cm (50 ¥ in.) only 


low-level beta counting 


Low-level beta counting is brought to an elegant and simple 
solution by the novel Philips anti-coincidence assembly, type PW 
4127, together with its associated electronic equipment. 

The assembly comprises two radiation-sensitive elements only, 
viz. a low-level beta counting tube*), and a single guard tube 
which replaces the conventional array of dozens of guard tubes 
hitherto required for low-level work. 

By virtue of this unique design tons of shielding material are 
eliminated; the electronic circuitry is considerably simplified, and 
hence overall reliability is greatly improved. Reproducibility is 
guaranteed by the fixed geometry of the sample with respect to 
the counting tube. 

With a background of less than 1 count per minute; it is now 
possible to measure in a 300 mg sample a beta activity (e.g. Sr® 
or T1204) of (5 + 0.5) x 10-12 Curie in only one hour. 


*) Two types available: 


type 18515 for measuring low-energy beta radiation, with a 1.5 
mg/cm? mica window; 


type 18516 for general low-level beta work, with a 10 mg/cm? 
Cr-Fe window. 


=] PHILIPS 


nuclear equipment 
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35-mm Film Reader 


Semiautomatic 35-mm film reader 
| (above) has resolution > +1 micron 
}and full scale accuracy > +5 microns. 
| Gaertner stage with a 50 mm X 50 mm 
| range moves three lenses, beam splitters 
| and reticle projectors over three 35 mm 
films. Three 35 mm projectors project 
|three films onto a screen. Operator 
| can scan any of 3 views of a particle 
|track pattern while seeking correct 
tracks for measurement.—Hydel, Inc., 
223 Crescent St., Waltham 54, Mass. 


| 
| Radioactive-Fluids Pump 


Pumping unit developed for safe 
handling of high-level radioactive fluids 
(above) has welded-diaphragm reagent 
head that can be placed in intensely 
| radioactive remote areas removed from 
|pumping unit. Reciprocating piston 


within "positive-displacement pump 
forces oil to move a diaphragm back 
and forth. Pumping unit controls 
| flow of transfer liquid through welded 
|head in the radioactive area, and 
| remote reagent head has stainless-steel 
diaphragm that isolates transfer liquid 
from radioactive liquid.—Process 
Equipment Division, Lapp Insulator 
Company, 113 Hall St., LeRoy, N. Y. 
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LITERATURE AVAILABLE 


Gamma-ray spectrometry systems. 
sulletin 171, 2 pp.; Technical Associ- 
ates. 140 W Ave., 


Burbank, Calif 


Providencia 


Precision pulse generator. 2 pp.; 


Interstate Electronics Corp., 707 E. 
Vermont Ave., Anaheim, Calif. 


Pressure and temperature recorders. 
Catalog 800. American Ma-| 
Metals, Inc., U 


Div., Sellersville, Penna. 


8 pp.; 


and ~ % Gauge 


Preengineered piping & equip. sup- 
ports. 96 pp.; Bergen Pipesupport 
Corp., 50 Church New York, 
N. } 


St., 


Carbon 


p.; S] 


and graphite products. § 
peer Carbon Co., St. Mary’s, 


Penna 


Stainless steel; seamless tubing. 
15 pp.; Timken Roller Bearing Co., 
Steel and Tube 1835 Dueber 
‘ 5S. W., Canton 6, Ohio. 


Div., 


Facilities for contract manufacturing 
services. Paraplegics Manufactur- 
g Co., 10068 Franklin Ave., Frank- 

n Park, Ill 


Safety enclosures. Bulletin A-14, 2 
pp.; 8. Blickman, Inc., 536 Gregory 
A ve Weehawken, N. J. 
Photomicrography of metals. Indus- 
book, 44 pp.; Eastman 
chester 4, N. Y. 


data 


K JAK Co Re 


tria 


Tube and fitting welder. 4 pp.; 
Cycl-O-Magic Inc., 1736 N. Second 
St., Milwaukee, Wisc. 

Ultrasonic gages, 8 pp.; 

Ultrasonic cleaning. 24 pp.; Branson 

Instruments, Inc.., 


Rd., Stamford 


37 Brown House 


Conn. 


Multiple frequency ultrasonic cleaner. 
Bulletin 58, 2 pp.; McKenna Labora- 
tories, 2503 Main St., Santa Monica, 


( 


Protective equipment and apparel. 
60, 25 pp.; Snyder Manu- 


Catalog - 
New Philadel- 


facturing Co., In 


Ohio 


Soviet nuclear re-| 
Consultants Bureau | 


Translations of 
search. 20 pp 
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600,000 
amperes 
tale 
harness 


At the historic Geneva Atoms-For-Peace 
Conference, Los Alamos scientists un- 
veiled Scylla—a fusion device used to heat 
a plasma of ionized heavy hydrogen par- 
ticles millions of degrees by blasting it 
with a 600,000-ampere thunderbolt. 
Surrounding the heart of this thermonu- 
clear machine is a bank of low-inductance, 
energy-storage capacitors...each rated at 
100,000 volts, each capable of a 20,000 
megawatt peak surge. 

This unique installation, like others of its 
type, is the result of long experience in 


od 8} = 


ATEO wiThH 


FEDERAL PACIF: 


capacitor specialization. If adherence to 
rigid specifications is a ‘must’ on your 
project—call us in to help with creative 
engineering. We invite inquiries for a 
single energy-storage capacitor or a com- 
plete energy-storage system including 
capacitors, racks, interconnecting lines, 
protective devices and charging power 
supply. 


For further technical information, write 
for Bulletin No. 191 to Cornell-Dubilier 
Electric Corporation, New Bedford, Mass. 


CORNELL-DUBILIER ELECTRIC CORPORATION 


EvecTrric COMPANY 
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MODEL #N616 


oeeeees THE EKCO N616 
VIBRATING REED ELECTROMETER 


Unsurpassed performance and flexibility at low 
cost. Proudly offered as successor to the widely 
used and well known EKCO N572 Electrometer. 


The name Ekco Electronics, Ltd. signifies more than world-wide 
representation and acceptance on six continents. Whether it be 
instruments for precise radiation measurements, unique laboratory 
research, reactor monitoring, public health and plant safety, or 
industrial gaging through isotopes, Ekco Electronics, Ltd. on the 
nameplate of an instrument represents the acme of excellence in 
design, performance, dependability and long-lasting value. An im- 
pressive list of companies and institutions throughout the world 
use Ekco equipment. 





The above instrument is one of a large and complete range of 
EKCO instruments described more completely in the EKCO cata- 
logues available upon request. We cordially solicit your inquiry. 
Write today for name of franchised EKCO representative nearest 
you. 





NOW FULLY PROVEN 


the EKCO low-cost Scintillation System for Tritium and Carbon 14 counting. 
The EKCO Scintillation Counter has been thoroughly evaluated 
and proved in actual use. It is accepted as the best dollar value on 
the market ... convincing proof that superb instrumentation need 
not be expensive. 


Factory Sales and Service in U.S.A. 
(See Below) 


EKCO ELECTRONICS, LTD. 


In U.S. A., address all inquiries to 
American Tradair Corporation, 34-01 30th Street, 
Long Island City 6, New York 
ELSEWHERE: Ekco Electronics Ltd., Southend, England 
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| 
Enterprises, Inc., 227 W. 17 St., 
| 


New York ll, oe fF 


Cobalt-60 radiation. 8 pp.; Atomic 
Energy of Canada Ltd., Commercial 
Products Div., P. O. Box 93, 
Ottawa, Canada. 


Nuclear instruments. 8 pp.; Borg- 
Warner Controls Div., Borg-Warner 
Corp., 3300 Newport Blvd., Santa 
Ana, Calif. 


Radiation monitoring system. 4 pp.; 
Riggs Nucleonies Corp., 717 N. 
Victory Blvd., Burbank, Calif. 


BeO. 4 pp.; 

Sealed isotope capsules. 2 pp.; 
Curtiss-Wright Corp., Research Div., 
Quehanna, Penna. 





| Precision tubing. 4 pp.; Damascus 
| Tube Co., Greenville, Penna. 


Atomic energy at Allis Chalmers. 25 
pp.; Allis-Chalmers Manufacturing 
Co., Atomic Energy Div., Milwaukee 
1, Wise. 





Vitro designs. Company brochure. 
36 pp.; Vitro Engineering Co., 225 
Park Ave., New York 3, N. Y. 


Low inductance, energy storage ca- 
pacitors. Bulletin 191, 11  pp.; 
Cornell-Dubilier Electric Corp., 58. 
Plainfield, N. J. 


| Large polyolefin moldings. 4 pp.; 
American Agile Corp., P.O. Box 168, 
Bedford, Ohio. 


Critical piping for the nuclear age. 
Bulletin 60-A, 17 pp.; Midwest 
Piping Co., Inc., 1450 8. Second St., 
St. Louis 4, Mo. 


Reactive and precious metals. 4 pp.; 
Consolidated Reactive Metals Inc., 
115 Hoyt St., Mamaroneck, N. Y. 


| Kennametal heavy tungsten alloys. 
10 pp.; Kennametal Inc., Latrobe, 
Penna. 


| Stainless type-304 with boron'®, 2 
pp.; The Carpenter Steel Co., 
Reading, Penna. 


Tritium foils and targets. 1 p.; 
United States Radium Corp., Mor- 
ristown, N. J. 
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Diaphragm valves. 2 pp.; Aqua- 
Matic, Inc., 2412 Grant Ave., 
Rockford, Il 


Engineers’ guide to silicones. 12 pp.; 
Dow Corning Corp., Midland, Mich. 


Thermocouple data calculator. West 
Instrument Corp., 4363 W. Montrose 
Ave., Chicago 11, Ill. Price $2.00. 





Three dimensional closed-circuit tv. 
Data sheets 6-148, -143, -139, 6 pp.; 
Kin Tel, Box 623, San Diego 12, 


Call 


Precision instruments for industry. 
Catalog 1040, 8 pp.; Illinois Testing 
Laboratories, Inc., 420 N. La Salle 


] 


St., Chicago 10, Ill. 


| 


Nuclear equipment. Abridged cata- | 
logue 2, 24 pp.; Philips’ Gloeilampen- 


fabrieken, Scientific Dept., Eind- | 
Holland: In U. S. available 

1 Philips Sales Offices. 

| 


I 


Radioactivity scaler-ratemeter. Bul- 
letin 45, 2 pp.; 

Portable, transistor a, 8, y survey 
meter. Bulletin 701, 2 pp.; 

a, B, y detectors & accessories. 
48 pp.; 

Neutron detector catalog. 34 pp.; 
Anton Electronic Laboratories, Inc., 
1226 Flushing Ave., Brooklyn 37, 


N.Y 


Transistor analyzer & instruments low 
level gamma counting. 6 pp.; Radi- 
ation Counter Laboratories, Inc., 


yve St., Skokie, Il. 


Dosimeter, survey meters and probes. 
Medical radiation instruments. §8 | 
oI | 
Thin-window flow counter. 2 pp.; The | 
Victoreen Instrument Co., 5806 
Hough Ave., Cleveland 3, Ohio. 
Transistor laboratory monitor. 1 p.; 
Marinelli scintillation counting system. 
1 p.; Atomic Accessories Inc., 811 | 
W. Merrick Rd., Valley Stream, | 
N. Y. 


Null detector & d-c microvoltmeter. 
» pp.; Keithley Instruments, Inc., 


Cleveland 6. Ohio. 


Multi- and special-purpose counters. 
6 pp.; Hewlett-Packard Co., 1275K 
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Te [o[-Yo Mi ce) 
ferrous metals 


Extends high temperature range 
Improves physical properties 


Yttrium metal used as an alloying agent in ferrous 
alloys materially improves oxidation resistance at ele- 
vated temperatures, as well as ductility and grain re- 
finement. For instance: 

© 1% yttrium added to type 446 stainless steel provides the same 
oxidation resistance at 2500° F. as type 446 steel without yttrium 
at 2000° F 

@ 1% yttrium added to chromium-base alloys develops an unusual 
resistance to nitriding, improves fine-grain structure and physical 
properties. 

@ Yttrium added to vanadium lowers the hardness from 221 (DPH) to 
153 (DPH), permits working or forming the alloy at room tempera- 
ture. An yttrium content of 0.5% —2% allows cold-rolling to thin 
strips (with only slight edge roughness). 

Michigan Chemical can now supply commercial and 
developmental quantities of yttrium metal and othe: 
rare earth metals from inventory. For further infor- 
mation, write to our Rare Earths and Thorium Divi- 
sion, Saint Louis, Michigan. 


RARE EARTHS AND THORIUM DIVISION 


| » & 
MC MICHIGAN CHEMICAL 


CORPORATION 


686 North Bankson Street, Saint Louis, Michigan 


LANTHANUM e PRASEODYMIUM #¢© NEODYMIUM e SAMARIUM e EUROPIUM e¢ GADOLINIUM 
TERBIUM @ DYSPROSIUM e HOLMIUM e ERBIUM e THULIUM e YTTERBIUM e LUTETIUM @ YTTRIUM 
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The New 
SCINTEX 
BRAND 


PLASTIC 
PHOSPHORS 


Scintillation performance 
remains stable _ 
over years of application. 


Specifications 
$C-700 


Base 

Pulse Height 

Decay Constant 

Wavelength of 
Maximum Emission 

Density 


Polystyrene 
90% of Stilbene 
4x 10” sec. 


4165 A 
1.04 


CRYSTALS DIVISION 
ESL OM MO} oa Ot ee Of OF 
123 Woodland Avenue, 


Westwood, New Jersey 


PROFESSIONAL 
SERVICES 
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ASTRA, Inc. 
For Your Atomic Energy Problems 

Nuclear Analyses. Reactor Specifications and 
Designs, Radiation Shielding Design and Anal- 
ysis. Criticality Hazards Studies, - 
namics Heat Transfer Analysis, Facilities 
Planning, Health Physics. 
Raleigh, North Carolina 


P. O. Box 226 
VAnce 8-4386 CABLE: ‘‘ASTRA’ 








INTERNUCLEAR COMPANY 


Nuclear consultants, engineers, and designers 
Economics of Nuclear Power, Reactor Analysis 
and Design, Shielding, Special Applications 


Clayton 5 Missouri 








NUCLEAR TECHNOLOGY 
CORPORATION 


A new company offering its services to the en- 
tire nuclear industry. All phases of nuclear 
analysis, design and evaluation. 

President, Joseph De Felice 


Irvington, New York LYric 1-8820 








WHEN TIME 

SSR, .. lf lf 
put the solution of your problems up to 
@ specialized Consultant. His broad ex- 
perience may save you months of costly 
experimentation. 
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@No 
been created in recent weeks. 


firms have 
McLain 
Rodger Associates has been estab- 
lished at 921—60th Pl., Downers 
Grove, Ill, a suburb, for 
consulting in reactor design and opera- 


less than four new 


Chicago 
tion, nuclear fuel cycles and radioactive- 
Partners in the ven- 
ture are Stuart McLain and Walton A. 
Rodger, both formerly of Argonne Na- 
tional . . . Electronucle- 
Box 707, Caldwell, N. J., 
the 
potential of ultra gas centrifuging as 


waste disposal 


Laboratory. 
onics, P. O. 
been organized 


Has 


to exploit 


applied to gas separation, 


isotope 


separation, molecular pumping and 


such outer-space applications as en- 
vironment simulation and propulsion; 
Electronucleonics has begun develop- 
ment of the first in a series of prototypes 
.. Ray 
Granville Rd., 
formerly Foster 
Engineering Corp.), has been founded 


of a large ultra gas centrifuge. . 
Data Corp., 1078 E. 
Worthington, Ohio 


by George Foster, former vicé pic ident 
at Industrial Nucleonics; Ray Data 
will stress development of instrumenta- 
for 


monitoring industrial processing equip- 


tion (primarily nonradioactive) 


ment (sensing temperatures, magnetic 
. . York Industrial 
Plastics, Inc., York, Pa., 


properties, et 
will offer a 


complete line of pipes and 


fittings, 
valves and pumps lined with a German- 
developed thermosetting plastic which 
is high-temp« rature and chemical re- 
sistant; it also has a shielding potential 


for nuclear reactors, the firm feels. 


NEW BUSINESS. A $700,000 con- 
tract for supply of high-purity nuclear 
graphite has been awarded by AEC to 
National Carbon Co., division of 
Carbide Corp. It 120 
graphite columns measuring 16 in. sq 


Union covers 
ind 20 ft long for the Experimental 
Gas-Cooled under construc- 
tion at Oak Ridge; delivery is to be 
. . Biochemi- 
cal Procedures, Inc., has been awarded 
AEC 


studies of radioactive-waste systems; 


Reactor 
completed in one year. 


a contract by for evaluation 
specifically, Biochemical will evaluate 


the performance of special distilling 
apparatus designed for use in waste 
chiefly at the 
National Reactor Testing Station, 
Idaho Falls. The German State 
of North Rhine-Westphalia has ordered 
construction of a laboratory for radio- 
active solids by Leybold Hochvakuum 
Anlagen GmbH, Cologne; it will be 


operated by the Institute for Reactor 


processing, working 


Materials 
Research Center 


near the State’s Atomik 


Jiili h 


FINANCIAL. The 
of acquisitions has been completed by 
Victoreen Instrument. It is Electronic 
Products, Mt. Vernon, N. Y., a 50-man 


organization supplying radiation-detec- 


latest In a 


series 


tion instruments for Polaris-type sub- 
marines and medical use (for example, 
an instrument permitting precise place- 
ment of cobalt probes into the body 5 
Victoreen said the new division would 
add $5-million-plus in annual sales to 
the company’s expected total of $20- 
. American Elec- 
tronics reported a record first quarter, 
March 31 
$183,795 


$7,231,996. 


million this year. 


ended with earnings of 


(21¢/share) on sales of 
President Philip W. Zonne 
predicted full-year would 


earnings 
reach $l-million ($1.11/share) on sales 
f $30-million: 1959 earnings were 70¢ 
share on sales of $25-million. 

Royal Industries that its 


atomic-energy sales, increasing rapidly, 


reported 


make up a “‘major portion” of a 26% 
increase in backlog as of Apr. 26 over 
Dec. 31 ($11,600,000, as compared with 
$9,200,000). The company’s Vard div. 
claims the most completely equipped 
test the U. S. the 


evaluation of new designs and produc- 


facilities in for 


tion of control-rod mechanisms: it 
supplies the Naval reactor program and 
commercial reactors. Royal’s earnings 
for the quarter ended March 31 were 
$84,093 on $2,856, 163. 


Anton-Imco Electronic Corp. reported 


sales of 


soaring earnings for the quarter ended 
March 31—$124,090, or 50 cents/share, 
on sales of $2,505,285; 59 quarter earn- 


ings were $5,692 on sales of $1,565,357. 


EXPANSIONS. 
sion of its capacity for beryllium metal 
production is planned by Brush Beryl- 
lium 


A substantial expan- 


expansion of monthly production 
of vacuum-cast beryllium billets from 
12,500 to 24,000 lbs; and of beryllium 
hydroxide capacity from 35,000 lb to 
60,000 Ib/month (beryllium content). 

. American Electronics has broken 
ground for a 100,000 sq it research, 
development and manufacturing com- 
plex in Fullerton, Calif.; it is scheduled 
for completion in September at a cost 
. . Eitel-McCullough, 
Inc., manufacturers of electron power 
tubes, is adding three buildings (83,000 
sq ft) 
at Geneva, Il. 
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of $1.5-million. . 


two at San Carlos, Calif., one 





NEWSMAKERS 





Distinguished Service Award of 
S. Office of Civil and Defense 

» Mobilization has 
cs awarded to 
Lewis V. Spencer, 
physics professor at 
Ottawa 


been 


Univ., 
“out- 
contribu- 


Kan., for 
standing 
tions to the science 
of radiation shield- 
ing and to the Na- 
tion’s fallout shelter 
At the National Bureau of 
Standards Spencer directed a program 
which ade 


Spencer 


nrogram 


veloped basic theories and 


procedures for calculating radiation 
penetration of materials and structures. 
He is chairman of the 
committee of the 


Academy of Sciences and an 


radiation- 
National 
NBS 


shielding 
onsultant 


Floy W. Smith has been named reactor 
yperations chief at the new Nuclear 
enter, Texas A & M College 


Smith had been supervisor 


science ( 
System. 
of the nuclear-engineering and physics 
Chance Vought, Dallas. 
Consultant and Johns Hopkins 
or Abel 


to head the new 


Wolman has been 
Radiation 
Advisory Board in Maryland. 

also 
Johns 
ypkins Hospital, will be advisory to 
ernment; the State’s 


has actual control and 


man Board, which 


des Russell Morgan of 

state 
ealth aept 
on authority 


over radiation 


C. Sharp Cook has been appointed 
head of the Nucleonics div. of the 

U.S. Naval Radio- 
Defense 
Laboratory, San 


, 
logical 


Francisco. Since 
1953, Cook had 
been head of the 
Nuclear Radiation 
branch and its suc- 
Radia- 
tion Characteristics 
and Effects branch. 
ib has one of the largest radiation- 


grams in the U.S. 


cessor, the 


Cook 


Kuranz, vice-president, Nu- 
» Corp., left New York on 
for a three-week, round-the- 


John L. 
ear-Chicag 


nuclear installations. 


rvey existing and proposed 
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radioisotope labs, particularly in Asia | 
(Tel Aviv, Teheran, Karachi, Bombay, 
Djakarta, Saigon, Manila and Tokyo). 


Lloyd V. Berkner, president of Associ- 
ated Universities, Inc., which operates 
Brookhaven National Laboratory for| 
AEC, has been elected to a four-year 
term as treasurer of the National Acad- | 
emy of Sciences. 


Glenn W. Oyler has been named head | 
of the Welding Research and Develop- 
ment dept. ¢ 
C Nuclear. In his 
new post, he will be | 


responsible for the | 


conception and de- 
velopment of new | 
methods and tech-| 
niques for assem- | 

bling nuclear fuel | 
Oyler elements and allied 

components by 
He joined M & C from Linde | 
Co., where he was sales-development 
chief, Electric Welding div. 


welding. 


Col. Gordon B. Page will succeed | 
Col. Donald G. Williams as assistant 
director for Army reactors, AEC, “al 
July 1. Page, who is on the staff and 
faculty of the Army War 
Washington, D. C., will 

Reactor Development Director Frank 
Pittman. Williams has 
ferred to Honolulu as assistant division 
Pacific 


Corps of Engineers (Hawaii, Okinawa, 


College, 
report to 


been trans- 


engineer, Ocean div., Army 





Korea, etc.). 


Chase Manhattan Bank has promoted | 
Paul F. Genachte, its atomic energy 
director, to vice-president. Genachte | 
has taken on a “second, hat ” as chief | 
marketing officer for the International 
dept., supervising the Bank’s activities 
related to the European 
Market and Free Trade 
retains his nuclear post. 


Common 


Assn.; he 


U. 8S. Radium has promoted three top | 
officials: C. C. Carroll, former head of 
the Bloomsburg, Pa., plant, to new-| 


products manager at Morristown, N. J., | 
Bn. ©, | 
Carroll at 
J. G. MacHutchin, to manager, research 
Bloomsburg. | 


headquarters; Clapham to} 


succeed Bloomsburg; and | 
and development, at 
The facility 


dials, panels, nameplates, et: 


Pennsylvania produces | 


Two Babcock & Wilcox people have 


left to join other organizations. John 


a vacuum pump 
as dynamically 
balanced 


MS... 


Engineered to give 

ol vibration-fre 

operation, Stokes Ser 
Microvac pu 
most advanced in 
Exceptionally com 
pumps take up 50°, less 
than conventional 


pumps 


mps a: 
thei class 
pact Stokes 


’ 
elele)a 


space 


I 
vacuum 


Learn all the reasons why 


Stokes offers vou mors pump 


ing pertormance 

| write: Vacuun Equip 
ment Divisior 
CORPORATION JOVUU 
ROAD, PHILA. 20, PA 


STOKES 


per dollar 


STOKES 


rABOR 





NEW PROFESSIONAL GROWTH OPPORTUNITIES for |NEWSMAKERS sors on ave tn 


PHYSICISTS, SCIENTISTS, 
ENGINEE RS, (Metallurgical, Chem., Mech.) 


E. Brennan has left the New York 
| office—where he was staff assistant 
reporting to W. T. Moore, Atomic 


330-1 REACTOR—With a reactor vessel and closure head 
weighing 418 tons, standing 41 feet high and having a 12 foot 
ID, the engineers and scientists at the Commercial Atomic Power 
Department visualize a power system that can produce 360 gross 
electrical MW. This is the scope of planning now in progress at 
APD. You can take part in this or other phases of the rapidly 
expanding commercial nuclear power field where your talent can 
be applied to the problems of making nuclear energy competitive 


with other forms of power. 


Scientist-Engineer—To plan, set up, 
perform and analyze critical experi- 
ments on light and heavy water reac- 
tors. Must have M.A. or M.S. or 
equivalent experience in nuclear phys- 
ics or engineering. 
Scientist-Engineer—To perform re- 
actor physics design calculation and 
to solve advanced problems in reactor 
statics. M.S. degree in physics or en- 
gineering. Experience desirable, but 
not necessary. 


Engineers—Materials development 
for fuel element prototypes including 





fabrication and testing of aluminum, 
zirconium and stainless steel alloys. 
B.S. degree in Metallurgy and prefer- 
ably nuclear experience. 


Engineers—Instrumentation and con- 
trol section (a.) Analytical and design 
work on digital computer programs and 
techniques. M.S. or E.E. degree and 
several years experience. (b.) Develop- 
ment, design and application of neu- 
tron flux and radiation sensors and 
associated circuitry. Degree in elec- 
tronics or physics with minimum of 4 
years related experience. 


Scientists and Engineers who want to make the transition to the expanding 
field of commercial atomic power with a company that is a leader in the 
field, write to: Mr. C. S. Southard, Westinghouse Atomic Power Division, 
PRO. Box 355, Dept. W-87, Pittsburgh 30, Pa. 


Westinghouse 


ATOMIC POWER DIVISION 
FIRST IN ATOMIC POWER 





| Energy div. manager, and L. N. Perry, 
| vice-president of the division—to join 
|Garlock, Inc., Palmyra, N. Y., as 
lassistant to the president. Tom L. 


Gallagher, a reactor physicist, has 
joined the nuclear-engineering staff at 


Internuclear Corp. 


Two important posts have been filled 
in the Nuclear Electronics lab, Hughes 
Aircraft Co. Marvin Fox, former vice- 
president for foreign ope rations at 
Internuclear Co., has joined the lab as 
a senior staff physicist. Elmer L. 
Zimmerman, formerly head of critical- 
experiment units at Atomics Inter- 
national, has been named head of 
nuclear circuitry research. Fox will 
work with intense neutron pulsing, 
with the application of nuclear reactors 
to unconventional power requirements 
in missile systems and with Hughes’ 


remote-control robots. 


Robert S. Shankland, Ambrose Swasey 
professor of physics at Case Institute 
of Technology, has been elected presi- 
dent, Associated Midwest Universities, 
succeeding Laurence L. Quill, Michigan 


State Univ. 


|A well-known nuclear and mathe- 


matical physicist, Charles L. Critch- 

field, has accepted 

the vice-presidency 

for research at Tele- 

computing Corp.; 

he had been, since 

1955, director of 

scientific research, 

Convair div., Gen- 

eral Dynamics. 

Critchfield With George Ga- 

mow, he wrote the 

book ““Theory of Atomic Nucleus and 
Nuclear Energy Sources” in 1947. 


Public relations director Garland C. 
Ladd, Atomics International, has been 
promoted to assistant to Chauncey 
Starr, AI president. 


Astra, Inc. has added three to its staff: 
Robert L. Dough, formerly with the 
North Carolina State faculty and the 
Atomic Power div., Newport News 
Shipbuilding and Dry Dock Co.; 
Robert R. Liguori, also of the N. C. 
State faculty; and Andrew Lowery, 
formerly of Wright Machinery Co. 
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NUCLEAR CAMPUS 


@ Univ. of Michigan has raised $1,705,- 
000, or two-thirds of its $2,500,000 goal, 
in its campaign for the Memorial- 
Phoenix Project on atomic research. 
The funds will be used to continue the 
Project for another five years; over its 
12 years of operation to date the Project 
has supported 185 research investiga- 
tions in 15 schools and colleges of the 
University. 


@The Mississippi Legislature has au- 


thorized the issuance of $1.5-million in 
bonds to finance the establishment of a 
research center—including nuclear re- 
search by the Univ. of Mississippi. 
Construction of the center will be 
directed by a State Building Commis- 
sion, chaired by Gov. Ross R. Barnett. 


@ Univ. of Wisconsin expects comple- 
tion of a 10-kw, pool-type training re- 
search reactor by late this year—to be 
installed on campus by General Elec- 
tric at a cost of $266,000, including 
$150,000 from AEC. The unit will be 
housed in the Reactor Laboratory on 
the engineering campus. 


@ Univ. of Virginia has completed its 
1,000-kw pool reactor and was expected 
to put it into operation by the end of 
June. The reactor is located 2,000 ft 
west of Charlottesville in an abandoned 
reservoir. 


@ Univ. of Rochester is adding a $522- 
000 wing to the nuclear annex of its 
Medical Center; AEC is paying all but 
$4,000 of the cost. 


COURSES. A graduate training pro- 
gram emphasizing the use of radiation 
in the investigation of biological and 
medical problems will be initiated this 
summer at the Univ. of California 
Medical Center, Los Angeles. Con- 
tact chairman, Dept. of Radiology, 
School of Medicine , UCLA, Los Angeles 
24. 

UCLA is also offering a two-week 
short course in the theory and applica- 
tions of plasma physics, July 11-22. 
Contact H. L. Tallman, Physical Sci- 
ences Extension, Rm. 6501, Engineering 
Bldg. II, UCLA, Los Angeles 24. 

Taft Sanitary Engineering Center, 
Cincinnati, is offering radionuclides in 
food, Sept. 12-23; basic radiological 
health, Oct. 3-14; radionuclide protec- 
tion and radiological health for x-ray 
technicians, Oct. 17-21; and x-ray pro- 
tection, Oct. 24-28. 
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EXPANSION 

of the 
RADIOCHEMICAL 
CENTRE 


Since 1946 the Laboratories at Amersham have been steadily 
extended to meet the constantly rising demand for radio- 
active chemicals and radiation sources. 


The latest addition to these facilities was opened 
recently by the President of the Royal Society 
and is now in the service of radioisotope 

users throughout the world. 


The new Organic Laboratory illustrated 
here provides a great range of labelled 
compounds of exceptional purity—of 
carbon-14 alone, some two hun‘ired are 
usually in stock. 


Send for the latest catalogues “Radio- 
active Chemicals” and “Radioactive 
Sources.” 


THE RADIOCHEMICAL CENTRE, 
AMERSHAM, BUCKINGHAMSHIRE, ENGLAND. 








TAS/RC, 53 
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SURETY INUCLEAR CALENDAR 
July 21-27—3rd International Conference 


DRY BOX GLOVES on Medical Electronics, London. 
Contact Secretary, Institution of 
Electrical Engineers, Savoy Place, 


handle “hot = atomic London W. C. 2, England, or Lee B. 


Lusted, Dept. of Radiology, Univ. of 


materials faster, Safer/ Rochester School of Medicine, Roch- 


ester 20, N. Y. 








HAND Aug. 11—AEC information meeting on 
TYPE SIZE D. small reactors, Oak Ridge. Contact 

ie IN ‘4 ak 

Natural Rubber | Size R. A. Charpie, ORNL, Box 4, Oak 


(Seamless 10 a” Ridge. 


art pg . 035 ”» 6", 1 Aug. 15-17— International Conference on 
" : Organic Scintillation Detectors, spon- 
oo | a 5 32 - sored by Univ. of New Mexico, on its 


(Seamless) 10 . 
Neoprene - x; campus, Albuquerque, N.M. Funda- 

Special* Sizes 6 »' mental review, new advances and 
theories, and applications in natural 
sciences, medicine and industry 


Available in a full range of sizes and thicknesses . Several commercial exhibits of in- 


























*Glove and Sleeve cured together 


. . : struments used in the field will be 
in natural rubber, milled Neoprene and Neoprene ; nn it, tone af tas Aleten 


latex—for “full reach” hand and arm protection Scientific Lab. Contact Guido H 
with complete comfort, safety, and full finger ie 
sensitivity. 


Daub, Chemistry dept., Univ. of New 
Mexico, Albuquerque. 


: Aug. 17-19—University Reactor Con- 
For the glove best suited to your laboratory ‘5 , aes Gatlinburg, Tenn. Spon- 
and research needs write today for catalog and cs sored by Oak Ridge National Labora- 
assistance. : tory, Oak Ridge Institute of Nuclear 
Studies, AEC and Oak Ridge Sec- 
THE WH Contact WW. Grigsrielt, ORINS, 
ac ° ' rorieu, LLIND, 

2” RUBBER COMPANY Box 117, Oak Ridge, Tenn. 

Carroliton, Ohio 

IN CANADA: Safety Supply Co., Toronto Aug. 22-26—Symposium on Thermo- 
nuclear Plasma Physics, Gatlinburg, 
Tenn. Sponsored by Oak Ridge 
National Laboratory, Oak Ridge 
Institute of Nuclear Studies and AEC. 
J Contact D. D. Cowen, P. O. Box X, 


IN-REACTOR Oak Ridge. 

IT Aug. 23-26—Western Electronic Show 
and Convention, Los Angeles (Memo- 
rial Sports Arena, Exposition Park). 
Contact Ted Shields, 2411 W. 8th St., 
Los Angeles 57, Cal. 


Data is now available after 7000 hours of in- PHYSICAL 
reactor use with a total integrated flux of over Talila + 
10!8 n.v.t. Transducers, complete with remote Aug. 25-Sept. 1—10th Annual Inter- 
readout to measure stress-strain, creep and many CORPORATION national Conference on High Energy 
other parameters in the heart of an atomic formerly Technical industries Corporation Physics, Rochester, N. Y. (Univ. of 
reactor are a proven reality at PSC. 389 North Fair Oaks Rochester). Contact Charles Cole, 
For a solution to your in-reactor measurement [RMeeGiremerliignntty surest — bar mg porn 
problems, contact Harold Potter, Vice-President MUrray 1-5644 20, N ‘y” ee ee 
of sales. an affiliate of Packard Bell Electronics ie f° 
Aug. 29-31—U. 8. Public Health Service 
Symposium on Water Quality Meas- 


DID YOU START MANUFACTURE OF NUCLEAR PRODUCTS = sement snd Instrumentation, Cin 


cinnati, 


TOO LATE TO BE LISTED IN LAST YEAR’S Center). Emphasis on automatic in- 
« strumentation. Contact Director, 
; NUCLEONICS BUYERS GUIDE? Robert A. Taft Sanitary Engineering 
. . . . Center, 4676 Columbia Pkwy., 
Then write today for a questionnaire to make certain that your) Got op 


firm's nuclear products, materials, services will be included in the 

November, 1960 issue. Send us the name of the expert who | Sept: !3-15—Fifth International Instru- 
| ‘ duct ith li . hi ments and Measurements Conference, 

can properly categorize pro ucts wi 2 nuclear app ications, 1S including section on nuclear instru- 

title and address. Questionnaires will be mailed in the near; mentation, and an exhibition of com- 

future. They must be filled in and returned according to instruc-| ™erelal instrumentation, Stockholm 


: ait Contact H. von Koch, Royal Institute 
tions by September Ist to get free listings. of Technology, Stockholm 70, Sweden 


he U Cc L E Oo N j C y Sept. 26-30—Fall Instrument-Automa- 


tion Conference and Exhibit and 15th 


A McGraw-Hill Publication © 330 West 42nd St., New York 36, N.Y. Annual Meeting of Instrument Society 
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of America, New York City (Coli- 

eun Contact W. F. Minnick, Jr., 

ISA, 

Sept. 27-30 
American Rocket Society, 
Monica, Cal Viramar 
on systems lor 
power (SNAP 
ores Army, 


nautics 


Full day 
auxiliary nuclear 

Sponsored by 
Navy, AEC, 
und Space Administra- 
Contact Nathan W. Snyder, 
se Analysis (ARDA 
sidg., Washington, 


ute for Defen 


Universal 


3—5—Seventh 
Meeting of 
Nuclear 
Engineers 


Annual 
Professional Group on 
Institute of 
Featuring 


Science 


nuclear ap- 


Ar | 
National | 


313 6th Ave., Pittsburgh 22, Pa. 


Power Systems Conference, | 
Santa | 


National | 


. | 
Radio | 


plications of solid-state detectors and | 


ow-noise amplifiers 
due 
Banta 


tracts are 


H. |] 


hporatory 


Aug. 1. 


Oak Ridge National 


11-14—Symposium on 
tering of 
ids, sponsored by International 
Agency, Vienna. 


[AEA, 


rii¢ | nergy 
J. Burt 


New York 


12-14 Fourt 


al Chemist 


Conference on An- 
ry in Nuclear Reactor 
rechnology First Conference on 
Nuclear Reactor Chemistry, Gatlin- 
burg, Tenn Abstracts of 500 words 

by Aug 1. For 
mistry contact C. D. 
Oak Ridge National Labora- 
tory, P. O 
For rea 


W.R 


and 


meeting 


‘s ISANO 
tor ¢ hen 


Grimes, same address. 


Oct. 12-14—Combined meeting: Fourth 
Conference on Analytical Chemistry 
in Nuclear Reactor Technology, and 
First Conference on Nuclear Reactor 

Chemistry, sponsored by Oak Ridge 

National Laboratory, to be held con- 

currently, Gatlinburg, Tenn. Ana- 

Chemistry meeting focus on 

nstrumentation and methods for de- 

termination of minor and trace com- 
ponents in fuels, ¢ oolants, moderators; 
ting will stress chemi- 
of reactor materials 
ngineering applications. 
r former) C. D. Susano, 
W R ORNL, 


Oak Ridge, 


ivtical 
iVvtical 


(Chemistry mes 


Grimes, 
Tenn. 


Box Y 


ing, San Francisco (Mark Hopkins and 
Fairmont 12-15th Atomfair West, 
first West Coast nuclear industrial 
exposition (Masonic Memorial Build- 
Contact W. Kelly Woods, Val- 
lecitos Atomic Laboratory, Pleasanton, 
Calif., for ANS program; Edwin Wig- 
gin, AIF, 3 E. 54 St., N. Y. 22, for 
Forum program; Dan Scherer, AIF, 
for Atomfair. 11-14—8th Hot Labo- 
ratory and Equipment Conference. 
Paper summaries due May 16. 
tact James R. Lilienthal, Los Alamos 
Scientific Laboratory, P. O. Box 1663, 
Los Alamos, N. M. 
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y 
ing 


Fifty-word ab- | 
Contact | 


P. O. Box X, Oak Ridge, 


Inelastic | 
Neutrons in Solids and | 


United Na- | 


analytical | 


sox Y, Oak Ridge, Tenn. | 
istry meeting contact | 


Here goes another shipment 
of ready-to-install radiation 
shielding windows from Corning 


This picture was taken at our Harrods- 
burg, Kentucky, plant. 

What you see are Corning Radiation 
Shielding Windows awaiting shipment 


| to a major customer. When they arrive 
| at the “hot cell” for which they were 
Dec. 11-16—American Nuclear Society- | 

Atomic Industrial Forum joint meet- | 


Con- | 


| 


designed, all that remains to be done 
is to install them. 

That’s because everything up to the 
point of installation has been done by 
Corning. 

How do you get ready-to-install win- 
dows for your “hot cell”? Just tell us 
your energy level, wall thickness, and 
desired viewing area. We'll take it from 
there. 


Once you've approved our plans and 
prices, we make the special glass 
plates, assemble the window with all 
of its hardware, and ship it to you—on 
schedule. You make the installation 
and you're ready to go—with a window 
that’s tailor-made for your needs. 

If you'd like more details—includ- 
ing all the pertinent data on the special 
radiation shielding glasses we make— 
ask for our booklet on that subject. Or, 
spell out your problem in specific 
terms. Either way you'll hear from us 
promptly. Address inquiries to Plant 
Equipment Sales, Corning Glass 
Works, 16 Crystal St., Corning, N. Y. 


CORNING GLASS WORKS 


4 


CORNING MEANS RESEARCH 


IN GLASS 
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Nuclear Scientists, 


Engineers & Mathematicians: HOT CELL SUPERVISOR 


Scientist or engineer needed to supervise planning, 
operations, and materials interpretation studies in 
hot cells. Applicant must be experienced in hot cell 


«“ , o - 
A man S mind research techniques and preferably should have some 
educational background in radiation damage theory. 
The following studies will be conducted primarily 

on ceramic fuel elements 


stretched b a new idea ¢ Remote mechanical, thermal, and chemical prop- 
erties measurements. 
¢ Interpretation of microstructures. 
¢ Irradiation and post-irradiation studies in con- 


can never $0 back nection with advanced gas cooled reactors. 


Hot cell group will consist initially of three profes- 
sionals and eight technicians who will be working 
in connection with an existing ceramic group. 


to its original dimensions. U. S. CITIZENSHIP REQUIRED 


...-OLIVER WENDELL HOLMES Please send resume to Mr. Peter H. Kneedler, 
Personnel Department. 


The collective “mind” of The Knolls LAWRENCE RADIATION LABORATORY 
Atomic Power Laboratory has been stretched OF THE 
to new dimensions frequently by such milestone UNIVERSITY OF CALIFORNIA 
achievements in reactor technology as the Triton P. O. BOX 808-H 


twin-reactor propulsion system, the sodium- LIVERMORE, CALIFORNIA 
cooled reactor system for Seawolf and the de- (One hour from downtown San Francisco) 
velopment of a number of unique critical assem- 
blies for applied research and experimental 
programs. 


Exploratory work, now underway, again 





calls for reactor engineers and scientists to reach 
beyond the conventional bounds of nuclear tech- 
nology — to apply their broadest knowledge to 
the problems of achieving major breakthroughs a 


in reactor simplification. 


That imaginative thinking may be unob. magazine file 
structed by material barriers, KAPL maintains . J for 


a full complement of experimental and test fa- 


cilities, many of them unique, ranking with the NUCLEONICS 
finest in the free world. e 
readers 


A limited number of vacancies are avail- 
able to physicists, nuclear engineers and mathe- 
maticians of demonstrated calibre. U. S. citizen- 
ship and appropriate engineering or scientific 
degree required. Address inquiries in confidence 


to Mr. A. J. Scipione, Dept. 48-MG. ORDER NOW | e Each file holds a 
full year’s copies. 

price: $2.50 each e@ Covered in durable 

nolls lomic Power Laboralory 3 for $7.00, , 

Ks A OPERATEO FOR AEC BY 6 for an 00 leather-like Kivar, 
GENERAL @® ELECTRIC title embossed in 16 
kt. gold. 
Schenectady, New York 
Order direct from: 
We pay all postage charges in 


the U.S.A. Canada and Foreign | MAGAZINE FILE COMPANY 


“KAPL Review,’ a publication describing the Labora- add $1.00 per order. SATISFAC- 520 
tory’s current activities, facilities, and recent achieve- TION GUARANTEED OR YOUR FIFTH AVENUE 
ments is available on request to interested engineers | MONEY BACK. NEW YORK 36, NEW YORK 


and scientists. 
cae FREE DESCRIPTIVE FOLDER UPON REQUEST 
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EMPLOYMENT OPPORTUNITIES 





VUCLEAR SUPER HEAT 


One of the advanced concepts that 


GENERAL NUCLEAR ENGINEERING CORPORATION 


is developing for construction in the immediate future 





Graduate Engineers and Physicists with reactor design experience 
will find stimulating and rewarding opportunities in these boiling- 
superheating reactors, in gas-cooled reactors, and in other practical 
advanced concepts at General Nuclear. 


Positions are also open for new graduates. Work in small design 
and development groups of broad scope gives maximum opportunity 
for advancement and for professional development. 


Send resumes to: L. C. Furney 
GENERAL NUCLEAR ENGINEERING CORPORATION 


Dunedin, Florida 











SENIOR REACTOR 
ENGINEER-INSPECTOR 
(Salary to $11,595) 


Will (1 be Senior Department of 
Army (Corps of Engineers) civilian 
reactor inspector and (2) work 
with Army Reactors (AEC) on 
translation of Army field plant 
operating experience into improved 
AEC prototype projects. Position 
located at Hqs., AEC and office, 
Chief of Engineers. Applicant 
selected to fill this vacancy must 
meet U. S. Civil Service require- 
ments applicable to the position of 
General Engineer, grade GS-14. 
[Three years experience in reactor 
operation, 3 years experience in re- 
actor design and an advanced de- 
gree are desired. Emphasis on re- 
sponsible operating experience, 
preferably power reactors. Reloca- 
tion expenses paid. Send resume or 
Form 57 to 


Army Nuclear Power Program 


Division of Reactor Development 
U. S. Atomic Energy Commission 
WASHINGTON 25, D. C. 
ATTN: Colonel D. G. WiiitaMs, Chief 


STAFF ENGINEER 


SALARY $16,000 PER YEAR 
MS or PhD in Physics plus 8 or more years 
experience in theoretical physics, including 
Nuclear Energy, deformation of matter, radia- 
tion phenomena and wave mechanics. Company 
client will assume all employment expense. 
ESQUIRE PERSONNEL INC. 
202 South State Street, Chicago 4, Ill. 








SOLID STATE 
Electronics and magnetics material. Need to 
possess a doctoraté degree and have contributed 
numerous technical papers to the pertinent jour- 
nals. Familiar with the most advanced thinking 
in the field of solid state electronics and mag- 
netics. Salary entirely open. Intellectual chal- 
lenge. Strong company. Contact Lew Musgrave. 


MONARCH PERSONNEL 
28 EAST JACKSON, CHICAGO 4, ILLINOIS 














THE ISRAEL ATOMIC ENERGY COMMISSION 
OFFERS A NUMBER OF FELLOWSHIPS 
FOR THE ACADEMIC YEAR 1961-—1962* 

These fellowships are intended for scientists with several years of post 


doctoral research experience as well as experience in leading a research 
group. It is expected that the candidate will have worked for several years 


in one of the following fields: 


Nuclear Chemistry 
Radiation Chemistry 


Radio-Isotope Production 
Nuclear Physics 


Radio-Isotope Research 


The selected candidates will work at the Israel Atomic Energy Com- 
mission Laboratories and will have at their disposal the facilities of the 
Centre, including a 5 MW Swimming Pool Reactor. 


The stipend includes round trip fare by air or ship for the scientist and 
his family and an adequate living allowance in Israel in local currency. 
Living quarters will be made available by the I.A.E.C. 


Applications and inquiries should be sent at the following address 


Dr. E. Foa 
P.O.B. 7056 


Hakirya 


Tel-Aviv Israel 


not later than September 30, 1960. 


According to candidate’s will, the fellowship may start from Spring Term. 
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EMPLOYMENT OPPORTUNITIES 


INTERNUCLEAR COMPANY... . 


OFFERS YOU © © © © © © « Participation in a small aggressive company with world- 
wide engineering design and consulting activity in the 


field of nuclear technology. 
IN PARTICULAR. . . . . Excetienr sataries 
THREE WEEKS VACATION 
SICK LEAVE BENEFITS 

MAJOR MEDICAL INSURANCE 











AN OPPORTUNITY 


HEALTH AND ACCIDENT INSURANCE 


LIFE INSURANCE 


TRAVEL INSURANCE 


EDUCATIONAL BENEFITS 


RETIREMENT PLAN 


e « FOR NUCLEAR ENGINEERS 
REACTOR PHYSICISTS 


REACTOR INSTRUMENTATION ENGINEERS 


call or write O. J. Elgert, Technical Director 





inrernwelear 


7 N. Brentwood Blvd. 


G Co) fn) [> Ce] ir ST Clayton 5, Missouri 








HOT CELL 
RESEARCH 
TECHNICIANS 


Experienced technicians are 
needed to perform remote ex- 
periments, including the prep- 
aration, examination, and 
testing of irradiated ceramic 
and metal specimens. This 
includes equipment set-ups in 
hot cells. Should be familiar 
with the handling of radio 
active materials. 


U. S. CITIZENSHIP REQUIRED 
Please send confidential resume 
to Kerra Moserey, 
Personnel Department 


LAWRENCE 
RADIATION LABORATORY 


(Livermore Site) 


UNIVERSITY OF CALIFORNIA 
P.O. Box 808 
Livermore, California 





A HEALTH PHYSICIST 


p> INSTRUMENT 
SPECIALIST 


as an Editor 
on the staff of 


NUCLEONICS 


Send resume, salary 
requirements to 


The Editor, NUCLEONICS 
330 West 42nd Street 
New York 36, New York 














iDDRESS BOX NO. REPLIES TO: Box No 
lassified Adz ) v- Hocoes publication 
Send to office nearest 
NEW YORK 36 P °0. Box 12 
CHICAGO 11: 520 N. Michigan Ave 
SAN FRANCISCO 4 68 Post St 





POSITIONS WANTED 





P.E. diversified 8 yrs. heat transfer, 
stress analvsis, transients 


PW-4523, Nucleonics 


fluid flow, 


for reactor components. 





EMPLOYMENT 
OPPORTUNITIES 


The advertisements in this section include all 
employment opportunities—executive, manage- 
ment, technical, selling, office, skilled, manual, 
etc. 


— RATES — 


DISPLAYED: The advertising rate is $25.33 
per inch for all advertising appearing on 
other than a contract basis. Contract rates 
quoted on request, 

An advertising inch is measured }” ver- 
tically on a column—3 columns—30 inches 
to a page. 


Subject to Agency Commission. 


UNDISPLAYED: $2.10 per line, minimum 
3 lines. To figure advance payment count 
5 average words as a line. 


Box numbers—count as 1 line. 


Discount of 10% if full payment is made 
in advance for 4 consecutive insertions. 


Not subject to Agency Commission. 


Send New Ads to NUCLEONICS 
Class. Adv., P.O. Box 12, N. Y. 36, N. Y. 
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EMPLOYMENT OPPORTUNITIES 





MECHANICAL ENGINEER (2) 
CHEMICAL ENGINEER 
MATHEMATICIAN (COMPUTER 
APPLICATIONS) 
REACTOR PHYSICIST 
NUCLEAR PLANT PROJECT OFFICER 
(Salaries to $10,130) 


Employment with Army Reactors, ee 
Div. of Reactor Development, Hgs., ‘ . | E/ 
U. S. Atomic Energy Commission. - aS NN E¢ 
Except for the Nuclear Plant Proj- ~w 7 
ect Officer, these positions involve % 

broad responsibilities as technical 


experts and advisers on R&D ac- ms 1955 - 1960 
tivities, design, construction, opera- tis 5 
nuclear reactor power plants of ne 
ware types Lae nt ch bis — YEARS 
ee cer WIL airec cles ~” 
7 COMMERCIAL 
c 


actor project for testing entire ATOMIC PROGRESS 


tion. and maintenance for about 12 


power reactor cores Selected ap- 
plicants must meet U. S. Civil 


fp 
Service requirements, i.e., for Nu- Z Q e 
clear Flea Project Officer as a WEp rq\\ d s 
General Engineer, GS-13, and for eee an Ll S 
the other positions at grade GS-13. 
Five years experience, including 3 e . . 
years specialized experience, and / 
advanced degrees are desired. Re- Jus e eginning: 
location expenses paid. Send re- 
sume or Form 57 to: 


Army Nuclear Power Program 
Division of Reactor Development U. S. Atomic SIGNIFICANT CONTRIBUTIONS have been made in the course of 


Energy Commission] ‘i - . i : aT ; ; 
WASHINGTON 25, D. C. General Electric's first five years of progress in the commercial application 


ATTN: Mr. Ricnarp G. Ornt of atomic energy. 











And it's just the beginning. The continued search for new, more 

sor efficient applications of nuclear technology calls for steady expansion of 

POSITIONS facilities and personnel at General Electric’s Atomic Power Equipment 

in the Dept. Headquarters at San Jose, California, and its Vallecitos Atomic Labo- 

NUCLEAR ; 

FIELD... 
WRITE US FIRST! The career opportunity you've been looking for may await you at 


Use Our Application A.P.E.D. if your background and experience is in: 
No Resume Required 


ratory at nearby Pleasanton. 


Our national coverage and ¢ Experimental Reactor Physics -* agit 
technical experience in e Theoretical Physics 
the nuclear field offers 
the maximum opportunity e Reactor Technology 
to achieve your goals. and Operations 
Confidential Handling : . re3 
Geutener ten tes Engineering Physics 
Fuels Engineering 
' Write: Arthur L. Krasnow Metallurgy and 
ATOMIC PERSONNEL, INC. praca: «hia 


1518 Walnut St. « Phila. 2, Pa. « PE 5-4908 
An Employment Agency for the Nuclear Field 


Bean 
FRAN: UNIV ny SS VALLECITOS 
4 aTomic 
LABORATORY 
Panett | 


| ATOMIC POWER 
EQUIPMENT OEPT. | 


For information write HEADQUARTERS | 


K.L.Nash, Dept. N, Box 254, 
PHYSICISTS _" 
$12,000-$14,000 San Jose, California. 


4 
4 
7 
a 
' 
' 
1 
1 
. 
s 








ted in the field of propagation and trans- 
analysis. General experience in the field 
f Located in Desirable suburban com- 
mt ty n a strong national organization. Fine 
future offered. Contact Lew Musgrave. 


MONARCH PERSONNEL 
28 EAST JACKSON, CHICAGO 4, ILLINOIS 





ATOMIC POWER EQUIPMENT DEPARTMENT 





ENGINEER—WRITER 


riter to work with engineering- 


nica 
ic and publ relations personnel in 
paration of major technical articles and re- 
in Engineering or Physics; nuclear 
un preferred. Work areas’ include 


s for land and sea applications, 

controlled fusion, and other 

: Send resume to Mer. of Personnel, 
General Atomic Div., General Dynamics, P.O. 


Box 608, Dept. B, San Diego 12, California. SAN JOSE, CALIFORNIA 
Vol. 18, No. 7 - July, 1960 














= Peerless has had o separate research Ha 


This Peerless Pump is installed at the 
Vallecitos Atomic Plant on the first 
forced circulation dual cycle boiling 
water reactor ever built. 


PROVEN PUMPS 


Recognizing the need for spe- 
cial pump equipment for nu- 
clear and related equipment, 
Peerless long ago set up a 
special development and pro- 
duction group. Drawing on 
thirty-five years of experi- 
ence, this group has engi- 
neered a number of pumping 
elements for the extremely 
high pressures, low stuffing 
box leakage and high tem- 
peratures involved in reactor 
systems. 

Coupled with this skill 


WG SIO ah 


NEW 
Scintillation 
Detectors 


and development group working on 
pumps for high temperatures and pres- 
sures since 1950. Out of this group 
have come pumps for atomic powered This 
submarines, reactors, steam generators 


limited 


leakage pump for an 
Atomic Laboratory is shown above un- 


dergoing fiftal high temperature seai 
Parts in contact with pumpage 
are all of 304 stainless steel. 


fests 


FOR THE NUCLEAR AGE 


Peerless has created a group 
of facilities among the most 
modern in the pump indus- 
try. This wealth of knowl- 
edge and facilities is at your 
immediate disposal. Write 
Peerless today for assistance 
on your pump requirements. 


Send for Facilities Brochure PR-2. 


FOOD MACHINERY AND CHEMICAL 
CORPORATION 


Peerless Pump Division 


Se en ee ee ee 


§ CURRENT INDICATOR 
AND INTEGRATOR 


MODEL A309A 


@ NE810 Alpha Particle Detector, 


Consisting of .0005” 
plastic phosphor NEI( 
clear plastic base. This 
fast decay 
sensitivity 


provides 
gamma 
resolution. 

Plastic 


NE812 Hollow 


lator for Beta Ray Spectroscopy 
and for multiple tracer studies 


of Beta emitters 


NE813 Gamma Flow 
for continuous 
gamma effluents in 


organic solutions. 


NE219 
Beta 


Liquid 
counting of 


ing on filter paper. 


include 
fast 
and 


Other 
Phosphor 
neutron 
liquid scintillators. 


products 
NE102 


detectors, 


NUCLEAR 





Associate Co 


time, 
and 


monitoring 
aqueous or 


Scintillator 
filter 
chromatograms and direct count- 


and 


h Eprenenrses LTD. 
q 1750 Pembina Highwa 


WINNIPEG 9. C 
Nuclear Enterprises 


sheet of 
2 on a 
detector 
low 


modest 


TWO Instruments in ONE! 
Measures currents from 1 milliampere to 


3 milli-microamperes. 


Scintil- 
accumulated 


10-9 amp. i 
Detector 
of Internal 


call 


for 


paper 
safeguardin 


Developed es 


de Graaff an 
Plastic Permit 
slow ticle acceler 


loaded 


$ ma 


ister rez 


racy on cha 


For complete tech. 


NADA 
1225 W 


(G.B.) Led 
Sighthill, Edinburgh ||. Scotland 


ELECTRONIC RESEARCH + DEVELOPMENT « MANUFACTURING 


Wide current range: 
High accuracy 
check proper 


Front panels 
th current of either polarity. 


ramol 
emety 


. Integrates input current and registers 


charge. 

1 x 10-3 to 3 x 
n 12 switch settings. 

1% of full scale. 
brating current source to 
operation. 

witch allowsinstrument to 


eature provides means of 
g against overexposure. 
specially for use with Van 
d other h.v. accelerators. 
ny experiments with par- 


ators that would otherwise 


difficult if not impossible, 
adout gives digital accu- 
rge measurement. 


data, write to: 


nile 


BROAD ST., FALLS CHURCH 


VA 
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Nuclear Engineers & 
Physicists for 


ADVANCED 
STUDIES 


in Republic Aviation’s 


ay NEW 


NUCLEAR 
RADIATION 
LABORATORY 


Theoretical and experimental studies 
at Republic seek new concepts to 
advance the capabilities of space 
vehicles, missiles and aircraft, and 
to add new knowledge to nucleonics 





in the areas of: 
® radio isotope power sources 
@ ANP shielding 


®@ ANP propulsion: turbojet, 
rocket, ramjet, electric 


®@ radiochemistry 
® space radiation 
® nuclear weapons effects 


® secondary nuclear 
auxiliary power systems 


To support this work, Republic is 
providing the Laboratory with ex- 
tensive experimental equipments. 
Among these are two high-capacity 
nuclear hot cells using cobalt 60 as a 
gamma radiation source. 


Engineers and Physicists with solid 
experimental background in nuclear 
radiation, and ability in one or more 
yf the areas above, are invited to 
investigate opportunities at all levels 
of experience 

4n important supervisory posi- 
tion is open to a scientist with an 
outstanding record of technical 
competence and the capability to 
direct the work of others. 


Please address inquiries to 
Mr. George R. Hickman, 
Technical Employment Manager 
Department 41-G 


SS 


omunenener 
=P ome 


SMe food ae 


PL 
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Farmingdale, Long Island, New York fe 
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LINDE 
High-Purity 


RARE GASES 


& High-Accuracy 


MIXTURES 


keep pace with advancements 
in nuclear processes 


LINDE special mixtures of mona- 
tomic and diatomic gases—with puri- 
ty as high as 99.9975 per cent—are 
serving the nuclear industry as re- 
frigerants, as fill-gases; in radiation 
detection, heat transfer, gaseous 
scintillation counters, high-voltage 
insulation, shielding of materials, 
protection of reactor piles and many 
other uses. 

Optimum purity is the keystone of 
all LINDE-produced gases—optimum 
accuracy the keystone of LINDE 
gas mixtures. 

Whatever your rare gas mixture 
requirements, LINDE’s huge produc- 
tive capacity can supply them—and 
LINDE’s widespread distribution sys- 
tem is ready to make fast delivery 
throughout the country. 

For complete data on rare gases 
or combinations, write for a copy of 
F-1002C, “Linde High Purity Gases.” 
Address Dept. NU-07, Linde Com- 
pany, Division of Union Carbide 
Corporation, 270 Park Avenue, 
New York 17, N. Y. Jn Canada: 
Linde Company, Division of Union 
Carbide Canada Limited, Montreal 
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Varian systems are built around the revolutionary electronic Vaclon Pumps which vision .... A) i sie 112 
provide ultra-high-vacuum without use of fluids, moving parts, or hot filaments. Worthington Corporation. ..44, 45 
They are totally free from contamination sources and will operate completely un- 

attended. The total system is all metal and has been carefully engineered by Varian’s “ 
high-vacuum specialists to the same high quality as the Vaclon Pump itself. 
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CLASSIFIED ADVERTISING 
Where a standard system does not solve your problems completely, F. J. Eberle, Busir : ve 
Varian will design a custom system for your specific needs. For EMPI o* ames I ili 
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Vaclon Pumps and system components separately as desired, with / eetin Gisaneinel. ‘i 
pumping speeds of 1 liter/second to 10,000 liters/second. nad | Esquire Personnel 
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Nuclear research in action: SHIELDING 


lo protect crew members of combat vehicles from radiation, 


the U. S. Army must have an accurate method of determining 
the amount of radiation that would penetrate the vehicle walls. 

[here are so many types of vehicles and such a large variety 
of situations (distance to warhead, height of burst, size and 
type of warhead, etc.) that it would be costly and time-consum- 
ing to develop this data experimentally. 

Lockheed scientists are now developing a computational 
method for the Army. This method will be executed on a high- 
speed digital computer. Because it will make much more 
effective use of data, it will make future experimental programs 
more fruitful. Address: 3272 Peachtree Road, N.E., Atlanta 5. 
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LOCKHEED 


NUCLEAR PRODUCTS 


ORGIA DIVISION, LOCKHEED AIRCRAFT CORPORATION 
DAWSONVILLE, MARIETTA, ATLANTA 
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[ Pal arionar NUCLEAR GRAPHITE... 





Graphite’s unique properties 
conform to the many 
requirements for high 

temperature fuel elements 


@ High temperature strength. 

@ High thermal conductivity. 

e@ Resistance to thermal shock, 

@ Dimensional stability. 

@ No practical melting point — 
safety. 

@ Low neutron absorption — 
neutron economy. 

@ Neutron moderation. 

@ Resistance to radiation damage. 

@ Flexibility of design. 

@ Simplified reprocessing of spent 
elements. 
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Some typical “National” graphite nuclear fuel element concepts. 


FUEL ELEMENT CONCEPTS FOR 
HIGH TEMPERATURE REACTORS 


Today, there is intense interest in obtaining nuclear heat at tem- 
peratures above 800-900°C. To accomplish these high tempera- 
tures, industry must develop a reliable fuel element. National 
Carbon Company has undertaken an extensive research and 
development program to help meet this need. Illustrated above 
are a number of graphite matrix nuclear fuel element conceptual 
designs for high temperature reactors. 

Dispersions of fissionable and fertile materials — uranium and 
thorium oxides, or carbides —in a graphite matrix will permit 
operation of reactors at higher temperatures, higher specific 
power, high burn-up, low fuel fabrication cost and excellent 
neutron economy. Spent fuel processing may be considerably 
simplified when graphite base fuel materials are used. 

National Carbon Company is presently conducting extensive 
research to further develop impervious graphite and effective 
impervious coatings for retaining fission products and preventing 
oxidation. Remember . . . no other material today has so many 
useful nuclear properties as does ‘‘National’’ Nuclear Graphite. 


Write today for 
8-Page Brochure 
“ ‘National’ Nuclear Graphite” 


NATIONAL CARBON COMPANY @iity 


“National’’ and ‘‘Union Carbide” are 
registered trade-marks for products of 


Division of Union Carbide Corporation . 270 Park Avenue, New York 17, New York regs¥2a:408) 2 
IN CANADA: Union Carbide Canada Limited, Toronto 


























